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CS ee ee eee 


- Data Pad Group Multiply Group]Memory Group 


MANDATORY FIELDS 


OPTIONAL FIELDS 
4 
Yh, DISABLED FIELDS 


value 
all NOP No-operation 
zeros 
Assembler format: NOP 
Effect: No operation is performed 


Description: The assembler recognizes this mnemonic and will insert an 
all zeros instruction which is a NOP. 


CONTROL (from SPEC ) 


a MANDATORY FIELDS 


OPTIONAL FIELDS 


Wh - DISABLED FIELDS 


SPMDA SPIN WHILE MAIN DATA BUSY 
Assembler 
Format: SPMDA 
Effect: "SPIN" while MAIN DATA BUSY 


Description: When specified, SPMDA causes the AP-120B to suspend 
program execution until MAIN DATA MEMORY (MD) completes its READ or 
WRITE cycle and becomes available for the next READ/WRITE operation. 
Using this op-code in an instruction immediately following one that 
initiates an MD READ operation, results in the data from that operation 
being available for use during the present instruction. It has no 
effect on a MD READ/WRITE operation in the same instruction. 


Thus: LDMA; DB=100 
SPMDA; DPX(0)<™D 


results in the contents of MD(100) being loaded into DPX(0). 


CONTROL (from I/O ) 


14 15 16 17 18 19 20 21 22 


= MANDATORY FIELDS 
OPTIONAL FIELDS 


eA 
Wh, DISABLED FIELDS 


SPMDAV SPIN WHILE MAIN DATA BUSY 
Assembler 
Format: SPMDAV 
Effect: "SPIN" while MAIN DATA BUSY 


Description: When specified, SPMDA causes the AP-120B to suspend 
program execution until MAIN DATA MEMORY (MD) completes its READ or 
WRITE cycle and becomes available for the next READ/WRITE operaticn. 
Using this op-code in an instruction immediately following one that 
initiates an MD READ operation, results in the data from that operation 
being available for use during the present instruction. It has no 
effect on a MD READ/WRITE operation in the same instruction. 


Thus: LDMA; DB=100 
SPMDA; DPX(0)<MD 


results in the contents of MD(100) being loaded into DPX(0). 


REXIT READ EXIT 
Assembler 
Format: REXIT 
Effect: SRS (SRA)—> PNLBS 


Description: This instruction is similar to SETEXIT, but allows 
reading instead. The SRA is NOT changed by this instruction. This is 


generally used with a LDSPNL to load into S-PAD register. 


CONTROL FIELD (CONTROL) 


14 #15 16 17 18 19 20 21 22 


Lene I) 
eee 


pe MANDATORY FIELDS 


OPTIONAL FIELDS 


D 
Yj DISABLED FIELDS 


ALUE 
g HALT HALT AP-120 
Assembler 
Format: HALT 
example: INCMA; MI<FA; HALT 
Effect: 11> FN it gi clear RUN INDICATOR 
Description: The AP-120B program execution will be halted after 
completion of the current instruction word. (See note.) AP-120B RUN 
INDICATOR (RUN) cleared and PANEL FUNCTION REGISTER(bit 0) set. When 
halted, PSA will point to the next instruction to be executed and it 
will have been entered into the instruction register. SPFN will 
reflect the operation in that instruction. 
| 


NOTE: if the current instruction "SPINS" while waiting for I/O or 
MEMORY, HALT will not be effective until the "SPIN" cycle is finished 
and the instruction completed (as in the above example). 


WARNING: Due to timing problems in the JSR instruction, it should not 
follow a HALT. Thus, the recommended programming practice is to place 
a NOP (no operation, all zeros instruction) after every HALT 
instruction. . 


CONTROL FIELD (CONTROL) 


14 #15 16 17 18 19 20 21 22 


7 MANDATORY FIELDS 


OPTIONAL FIELDS 


o 
UY), DISABLED FIELDS 


VALUE 

1 IORST RESET I/O DEVICES IMMEDIATELY 
Assembler 
Format: IORST 
Effect: . Clear I/O device logic and timing and all four of the 

general FLAGS. 

Description: Effects are device dependent. No effect on Host interface, 
TMRAM, or IOP16.. 

2 INTERRUPT ENABLE 
Assembler 
Format : INTEN 

Bit g5 : wy 

Effect: If CTL is already set to "1", generate interrupt 


to HOST-CPU. If not, no effect. 


Description: This is used in conjunction with the CTLO5 interrupt. 
(See I/0, PROGRAMMED INTERRUPTS.) 


When an INTEN is executed, the AP-120B will attempt to set CTLOS 
interrupt. If CTL(Bit 05) is already set, then the AP-120B will 
generate an interrupt to HOST-CPU. The state of CTL(Bit 05) is not 
altered by this instruction. 


CONTROL FIELD (CONTROL) 


14 15 16 17 18 19 20 21 22 


Pd MANDATORY FIELDS 


OPTIONAL FIELDS 


A 
WY, DISABLED FIELDS 


VALUE 
3 INTERRUPT ACKNOWLEDGE 
Assembler 
Format: INTA 
Effect: (DA interrupting IODEVICE) ~ INBS 


Description: The interrupting I/O DEVICE enables its Device Address 
onto the INBS MANTISSA (Bits 20 to 27) for the current instruction 


cycle. Used to identify the interrupting I/O device after an interrupt 
is detected via the BINTRQ instruction. 


[om | a 


Assembler 
Format: REFR 
Effect: REFRESH MD; reset REFR CTR 


Description: REFR initiates a REFRESH cycle to MAIN DATA MEMORY (MD). 
The REFRESH COUNTER (REFR CTR) is reset to zero. This has the effect 
of synchronizing the REFRESH timing with a running AP-120B program. It 
can be used either to eliminate REFRESH interference with programmed 
memory accesses or simply to stabilize the REFRESH timing in order to 
facilitate hardware fault tracing with an oscilloscope. Floating Point 
Systems supplied APEX drivers always generate a REFR before starting 
the user called micro~code. 


NOTE: NON-PROGRAMMED REFRESH cycles occur every 3lusec for 8K 
bank~pair MD memory and every 15.5usec for 32K bank-pair MD memory. 


E - 10 


CONTROL FIELD (CONTROL) 


14 #15 16 17 18 19 20 21 22 


fi MANDATORY FIELDS 


ma OPTIONAL FIELDS 


UY, DISABLED FIELDS 


VALUE 

5 WRITE EXPONENT ONLY 
Assembler 
Format: WRTEX 

example: DPX (2)<TM; WRTEX 

Effect: . Restricts DPX, DPY, or MI fields to write exponent bits only. 
Description: When specified with a concurrent WRITE DPX, DPY, or MI 
operation, WRTEX restricts the writing to EXPONENT(Bits 02-11) only. 
(See S-PAD group, WRTEXP for further description of effect.) 

6 WRIMAN WRITE MANTISSA ONLY 


Assembler 
Format: WRIMAN 
Example: MOV 5,5; SETMA; MI<FA; WRTMAN 
Effect: Restricts DPX, DPY, or MI fields to WRITE MANTISSA bits only. 


Description: When specified with a concurrent WRITE DPX, DPY or MI 


operation, WRTMAN restricts the writing to MANTISSA(Bits 00-27) only. 
(See S-PAD group for further discussion.) 


B= il 


CONTROL FIELD (CONTROL) 
continued... 


7 IOINTA I/O INTERRUPT ACKNOWLEDGE 


Assembler 
Format: IOINTA 
Effect: (DA interrupting IODEVICE) INBUS 


Description: The interruptiong I/0 Device enables its Device Address 
onto the INBS Mantissa (Bits 20 to 27) for the current instruction 
cycle. . 


E- lla 


2. 


3. 


S-PAD TIMING RULES 


SPFN for an instruction with an S-PAD operation is the result 
of that operation. 


SPFN is stored back into SP(SPD) only once - at the end of the 
instruction in which the S-PAD operation took place (not 
stored at all if No-Load specified). Similarly, the N, Z, and 
C S-PAD condition bits are set only once for each S-PAD 
operation. 


SPFN for an instruction without an S-PAD operation is the 
result of performing the last previous S-PAD instruction over 
again, using the current value of SP(SPD). as possibly modified 
by the original S-PAD operation. SP(SPD) is not altered if no 
S-PAD operation is specified. This modified SPFN value would 
be apparent if an SPFN utilizing instruction were executed 
(e.ge, RSPFN, SETMA, etc.). 


E~- 12 


BIT REVERSE FIELD 


9 10 11 12 43 


heed 
Min 
Mess 22581 


te MANDATORY FIELDS 


OPTIONAL FIELDS 


DISABLED FIELDS 


VALUE 
g No Operation 
BIT REVERSE the contents of S-PAD SOURCE 
1 


REGISTER before using 


Assembler 

Format: < & > (Brackets indicate optional use with S-PAD operations.) 
Effect: | Example: ADD & 6,5 

Effect: BIT-REVERSE (SP...) > SOURCE INPUT FOR CURRENT S-PAD OPERATION 


Description: The contents of the S-PAD SOURCE REGISTER (SP[SPS]) are 
BIT-REVERSED and shifted before being used as the SOURCE OPERAND in the 
current S~PAD operation. 


The number of shifts performed depends on the size of the complex data 
array being processed. The programmer must load the applicable shift 
value into the BIT-REVERSE field of the APSTATUS Register before 
specifying the BIT-REVERSE operation. (See S-PAD SUMMARY BIT-REVERSE 
FIELD for more details.) (See also APSTATUS SUMMARY. ) 


E- 13 


VALUE 


SHIFT FIELD 


Assembler 
Format: 


Effect: 


Descripti 
place. 

left end 
that resu 


Excepting 
multiplic 


9 10 11 12 13 
a MANDATORY FIELDS 


reste MUL 


OPTIONAL FIELDS 


Be 
VU), DISABLED FIELDS 


* MAY BE USED WITH EITHER 
SOP OR SOP] FIELDS 


No Operation 
LEFT SHIFT S-PAD OUTPUT (SPFN) ONCE. ZERO FILL. 


<L> (Brackets indicate optional use with S-PAD operations) 


Example: SUBL 5,6 


SPFN> LEFT SHIFTED ONCE> SPFN 


on: The S-PAD RESULT (SPFN) is logically shifted left one 
The right-most bit is set to zero. The bit shifted off the 
is stored in the S-PAD CARRY BIT, (C) - overriding any carry 
lted from the specified arithmetic operation. 


possible OVERFLOW, the shift has the effect of a 
ation by two. The carry bit (C), bit 7 of the AP INTERNAL 


STATUS REGISTER (APSTATUS), may be tested during the next instruction 


cycle. 


g 15 


Dam jes 


E- 14 


VALUE 


SHIFT FIELD (SH) 


8 


9 10 11 12 13 
MANDATORY FIELDS 


OPTIONAL FIELDS 


Werirters MUU, 


DISABLED FIELDS 


* MAY BE USED WITH EITHER 
SOP OR SOPI FIELDS 


RIGHT SHIFT S-PAD FUNCTION (SPFN) ONCE. ZERO FILL. 


Assembler 
Format: <R> (Brackets indicate optional use with S-PAD 
operations) 
Example: SUBR 5,6 
Effect: SPFN right-shifted once> SPFN 


Description: The S-PAD RESULT (SPFN) is logically shifted right one 
place. A zero is shifted into the left-most bit. The bit shifted off 
the right end is set into the S~PAD CARRY BIT. 


The instruction has the effect for unsigned numbers, of a division by 
two. Bit C of the AP INTERNAL STATUS REGISTER (bit 7, APSTATUS) 


reflects the condition of S~PAD CARRY and may be tested during the next 
instruction cycle. 


g 15 
sam f>[] 


E- 15 


VALUE 


SHIFT FIELD 


9 10 11 12 13 
a MANDATORY FIELDS 


OPTIONAL FIELDS 


fea | 
WY, DISABLED FIELDS 


* MAY BE USED WITH EITHER 
SOP OR SOP1 FIELDS 


Leb LLL) 


RIGHT SHIFT S-PAD FUNCTION (SPFN) twice. Zero fill. 


Assembler 
Format: <RR> (Brackets indicate optional use with S-PAD 
operations) 
Example: SUBRR 5,6" 
Effect: SPFN>right shifted twice>SPFN 


Description: The contents of the S-PAD ALU RESULT are logically 
shifted right two times before being enabled onto the SPFN data path. 
Zeros are filled into the left-most two bits. The second bit shifted 
off the end is set into the S-PAD ALU CARRY BIT. 


The instruction has the effect for unsigned numbers of a division by 
four. Bit C (bit 7) of the AP INTERNAL STATUS REGISTER (APSTATUS ) 
reflects the condition of the S-PAD CARRY BIT and may be tested during 
the next instruction cycle. 


p 15 » REFLECTS THE CONTENTS OF THE 
20 —> SPFN SECOND BIT SHIFTED "OFF THE END" 
FIRST BIT SHIFTED 
“OFF THE END" IS LOST 


E = 16 


S-PAD OPERATIONS FIELD 


MANDATORY FIELDS 


OPTIONAL FIELDS 


/ 
UY DISABLED FIELDS 


VALUE 
4) See, S-PAD OPERATIONS 1 
Hi See, SPECIAL OPERATIONS 
2 ADD S-PAD SOURCE REGISTER AND S-PAD DESTINATION REGISTER 


Assembler 

Format: ADD<#> <&> SPS,SPD 

Effect (SP yt L (SP )> SPEN’” 
Sere spo’, Pus SPD ; 


SPFN * (SP) unless S-PAD NO-LOAD(#) is specified 


Description: The contents of S-PAD SOURCE REGISTER (SP. 56) are added 


with the contents of S-PAD DESTINATION REGISTER (SPoop)- The result 

of the operation, (SPFN) is stored back into the specified S-PAD 

DESTINATION REGISTER unless an S-PAD NO-LOAD (#) is specified. 
Appropriate bits are set in the AP INTERNAL STATUS REGISTER 


(APSTATUS) and may be tested during the next instruction cycle. 


16 
B ae + >2 = 
CARRY BIT EQUATION £ (SP. 5p) (SP.46)2 then carry=1 


: (SP on) may be optionally BIT-REVERSED, (see BIT-REVERSE FIELD) 


ue SPFN from the ADD may be optionally shifted,(see SHIFT FIELD) 


B= Ly 


VALUE 


S-PAD OPERATIONS FIELD 


MANDATORY FIELDS 
OPTIONAL FIELDS 


Y DISABLED FIELDS 


SUBtract S-PAD SOURCE REGISTER from S-PAD 
DESTINATION REGISTER 


Assembler 

Format: SUB<sh><#> <&> sps,spd 

Effect (SP___)minus (SP___) *SPEN’'; 
ect: spp) ™ us SPs ; 


SPFN> (SPo 5p) unless S-PAD NO-LOAD (#) is specified 


Description: The contents of the S-PAD SOURCE REGISTER are subtracted 
from the contents of the S~PAD DESTINATION REGISTER. The result of the 


operation is stored back into the S-PAD DESTINATION REGISTER unless a 
S-PAD NO-LOAD (#) is specified. 


Appropriate bits (N,Z,C) are set in the AP INTERNAL STATUS REGISTER 
(APSTATUS) and may be tested during the next instruction cycle. 


CARRY BIT EQUATION: If (SP[SPD])+(SP[SPS])+1 2 gO on. Gel else 0. 
If a shift is specified, then C is set to the carry from that shift. 


fe 
| 
§ 


: P{SPS]) may be optionally BIT-REVERSED. See BIT-REVERSE FIELD. 


5 
SPFN from the SUB may be optionally shifted. See SHIFT FIELD. 


E ~ 18: 


VALUE 


S-PAD OPERATIONS FIELD 


ot MANDATORY FIELDS 


OPTIONAL FIELDS 


WY, DISABLED FIELDS 


MOVE S-PAD SOURCE REGISTER TO 
S~PAD DESTINATION REGISTER 


Assembler 

Format: MOV<sh><#> <&>sps,spd 

Effect: (SP 3 SPEN’'; SPFN> (SP ) unless S-PAD 
oa SPS eas SPD 


NO-LOAD is specified. 


Description: SPFN is set to the contents of the S-PAD SOURCE REGISTER 
(SP[SPS]); SPFN is stored into the S-PAD DESTINATION REGISTER unless 
an S-PAD NO-LOAD (#) is specified. : 


Appropriate bits are set in the AP INTERNAL STATUS REGISTER (APSTATUS) 
and may be tested during the next instruction cycle. 


CARRY BIT EQUATION: If [(SP[SPD]) AND (SP[SPS])] + [(SP[SPD]) OR 


(SP[SPS])]> 216 
then, C=l else 0 


‘(sp[SPS]) may be optionally BIT-REVERSED. See BIT-REVERSE FIELD. 
TT SPFN from the MOV may be optionally shifted. See SHIFT FIELD. 


E- 19 


S-PAD OPERATIONS FIELD 


VALUE 


5 AND S-PAD SOURCE REGISTER to S-PAD DESTINATION REGISTER 


Assembler 

Format: AND <sh> <#> <&>sps,spd 

Effect: (SP ie AND (SP )> SpFN’'; 
SPS ‘SPD | 


SPFN > (SP...) unless S-PAD NO-LOAD is specified. 


Description: The contents of the S-PAD SOURCE REGISTER (SP.44) are 
logically ANDed with the contents of. the S-PAD DESTINATION REGISTER 
(SPoop) A bit by bit comparison is made between the contents of the 
two operands and if both respective bits are "1", a "1" is recorded 
into the corresponding bit of the result (SPFN). All other combina- 
tions result in "9" being recorded into the respective bit of SPFN. 


The result of the operation (SPFN) is stored into SP ‘unless an 


SPD 
S-PAD NO-LOAD (#) is specified. 
The appropriate bits are set in the AP INTERNAL STATUS REGISTER 


(APSTATUS) and may be tested during the next instruction cycle. 


16 
: { > = 
CARRY BIT EQUATION: If [(SP,.,) AND (SP,,.)] + (SP,,,)2 2. then CARRY=1 


TRUTH TABLE 


L (SP 556) may be optionally BIT-REVERSED, See BIT-REVERSE FIELD 


oF SPFN from the AND may be optionally shifted, See SHIFT FIELD 


E - 20 


S-PAD OPERATIONS FIELD 


8 9 1011 12 13 
MANDATORY FIELDS 


OPTIONAL FIELDS 


Wy), DISABLED FIELDS 


a i, 
Lets 8 / LLL 


VALUE 


6 OR S-PAD SOURCE REGISTER to S-PAD DESTINATION REGISTER 


Assembler 
Format: OR <sh><#> <&> sps,spd 
33 Ta: 
. > ° 
Effect: (SPo5g) OR (SP.5p) SPFN; 


SPEN > (SP...) unless NO-LOAD is specified. 


Description: The contents of the S-PAD SOURCE REGISTER (SP[SPS]) are 
logically ORed with the contents of the S-PAD DESTINATION REGISTER 
(SP[SPD])}. A bit-by-bit comparison is made between the contents of the 
two operands and if either one of the respective bits = "1," then a "1" 
is recorded in the corresponding bit of the result (SPFN). All. other 
combinations result in a "0" being recorded into the respective SPFN 
bit position. The result of the operation (SPFN) is stored into 
SP(SPD) unless S-PAD NO-LOAD (#) is specified. 


Additionally, S~PAD ALU CARRY BIT is set to "0." The appropriate bits 


of the AP INTERNAL STATUS REGISTER (APSTATUS) are set and may be tested 
during the next instruction cycle. 


TRUTH TABLE 


i(sPisPs]) may be optionally BIT-REVERSEd. See BIT-REVERSE FIELD. 
SPFN from the OR may be optionally shifted. See SHIFT FIELD. 


E- 21 


VALUE 


S-PAD OPERATIONS FIELD 


a MANDATORY FIELDS 


OPTIONAL FIELDS 


7 
Wf, DISABLED FIELDS 


EQUIVALENCE S-PAD SOURCE REGISTER to S-PAD 
DESTINATION REGISTER 


Assembler 

Format: EQV <sh><#> <&>sps,spd 

Effect: (SP ie XOR (SP )> spen’t; 
SPS SPD 


SPFN > (SP. 5p) unless NO-LOAD is specified. 


Description: The contents of the S-PAD SOURCE REGISTER (SP[SPS]) and 


the S-PAD DESTINATION REGISTER (SP[SPD]) are compared on a 


corresponding bit position basis for equal value. If the corresponding 
bits both equal "0," or both equal "1," then the respective bit of the 
result (SPFN) is set to "1." All other combinations result in a "0" 
being set into the corresponding bit of SPFN. The result of the 
operation (SPFN) is then written into (SP[SPD]) unless S-PAD NO-LOAD 
(#) is specified. 


The appropriate bits are set in the AP INTERNAL STATUS REGISTER 
(APSTATUS) and may be tested during the next instruction cycle. 


CARRY BIT EQUATION: If (SP[SPD])+(SP[SPS]) > 246 then CARRY=1 


TRUTH TABLE 


T(sP[sPs]) may be optionally BIT-REVERSED. See BIT-REVERSE FIELD. 
tT SPFN from the EQV may be optionally shifted. See SHIFT FIELD. 


E- 22 


VALUE 


S~PAD OPERATION 1 FIELD 


MANDATORY FIELDS 
pe OPTIONAL FIELDS 


Yy, DISABLED FIELDS 


SPEC OPER 


WRTEXP RESTRICT WRITE TO ExXPonent only into DPX, DPY or MI 


Assembler 


Format: WRTEXP 


Example: DPX (-2) FA; WRTEXP 


Effect: Restricts DPX,DPY or MI field to write EXPONENT bits only. 


Description: WRIEXP restricts writing of the pertinent MEMORY INPUT 
REGISTER into EXPONENT bits 02-11 only. WRIEXP used in conjunction 
with a DPX, DPY or MI WRITE operation. ' 


When used in conjunction with a WRITE DPX or WRITE DPY operation, this 
operation has the effect of concatenating a portion of the input data 
with the value most recently written into DPX or DPY irrespective of XW 
or YW. Thus, if the last WRITE into DPX placed a floating point 1.0 
into DPX(-2) and in this instruction we WRITE DPX(0) in conjunction 
with the WRTEXP Op-Code, the net effect is to concatenate the EXPONENT 
portion of the current input with the MANTISSA from the 1.0 of the 
preceding DPX WRITE operation and place the result in DPX(0). WRTHMN,,. 
WRTLMN act ina similar fashion with the exception that they use 
different portions of the input argument. WRTIEX and WRIMAN from the 
I/O group also work in a similar manner. 


VALUE 


2 


S-PAD OPERATIONS 1 FIELD 


9 10 11 12 13 


MANDATORY FIELDS 
OPTIONAL FIELDS 


SPEC OPER YY} DISABLED FIELDS 


RESTRICT WRITE TO HIGH MANTISSA only into DPx, 


WRTHMN 
DPY or MI 
Assembler 
Format: WRTHMN 
Example: WRTHMN ; DPY<FM 
Effect: Restricts DPX, DPY or MI fields to WRITE HIGH 


bits OP-11 


MANTISSA bits only (MANTISSA ie 


Description: WRTHMN restricts the writing to the HIGH MANTISSA only, 


(Manrrssa®??$ AB-11 


) of the pertinent MEMORY INPUT REGISTER. WRTHMN 
is used in conjunction with a DPX, DPY or MI WRITE operation. (See 
example above) . 


NOTE: See WRTEXP for a description of the effect of this operation on 


DPX or DPY. 
RESTRICT WRITE to LOW MANTISSA only into DPX, 
WRTLMN DPY or MI FIELDS 
Assembler 
Format: WRTLMN ' 
Example: WRTLMN ; SETMA; MI<MD 


Effect: Restricts DPX, DPY or MI fields to WRITE LOW MANTISSA 


only (ManrrssaPtts 12-27) | 


Description: WRILMN- restricts writing to the LOW MANTISSA only 
(MANTISSA[bits 12-27]) of the pertinent MEMORY INPUT REGISTER. WRTLMN 
is used in conjunction with a DPX, DPY or MI WRITE operation. (See 
example above.) 


NOTE: See WRIEXP for a description of the effect of this operation on 
DPX or DPY. 
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S-PAD OPERATIONS 1 FIELD 


8 9 10 11 12 13 
MANDATORY FIELDS 
OPTIONAL FIELDS 


Vy); 
[vs ri 


v 
VALUE 
4 through 7 No Operation 
10 CLEAR S-PAD DESTINATION REGISTER 
Assembler 
Format: CLR < sh><#> spd 
‘Effect: 9> SPFN; B> SP. unless NO-LOAD (#) is specified. 
Description: The S-PAD OUTPUT (SPFN) is forced to all zeros and bit 
"Z" of the AP INTERNAL STATUS REGISTER is set to "1" (bit 5, APSTATUS). 
SP(SPD) is cleared unless S-PAD NO-LOAD (#) is specified. 
CARRY BIT EQUATION: If SP(SPD) is negative then CARRY=l. 
1i INCREMENT S-PAD DESTINATION REGISTER 


Assembler 
Format: INC< sh >< # >spd 
REfects (SP 5p) + 1 > SPFN; and, unless NO-LOAD is specified, 


SPFN > (SPo op) > 


Description: The contents of the S~PAD DESTINATION REGISTER (SP(SPD]), 
plus ONE are enabled onto the S-PAD FUNCTION (SPFN). SPFN is’ stored 
into the S~PAD DESTINATION REGISTER unless S-PAD NO-LOAD is specified. 


The appropriate bits of the APSTATUS Register are set and may be tested 
during the next instruction cycle. 


CARRY BIT EQUATION: If (SP[SPD]) was -l1, then CARRY=1 else 0. 
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S-PAD OPERATIONS 1 FIELD 


OPTIONAL FIELDS 


VALUE 
12 DECREMENT S-PAD DESTINATION REGISTER 
Assembler 
Format: DEC <sh> <#> spd 
Effect: (SP op) 71 > SPFN; and, unless NO-LOAD is specified, 
> 
(SPFN) SP opp 
Description: The contents of the S-PAD DESTINATION REGISTER minus ONE is 
set to the S-PAD Function (SPFN). The result (SPFN) is stored into the 
S-PAD DESTINATION REGISTER unless S-PAD NO-LOAD (#) is specified. 
The appropriate bits of the AP INTERNAL STATUS REGISTER (APSTATUS) 
will be set and may be tested during the next instruction cycle. 
CARRY BIT EQUATION: Unless SP oop was %, CARRY=1. 
13 COM COMPLEMENT S-PAD DESTINATION REGISTER 
Assembler 
Format: COM < sh ><#> spd 
Effect: (SP. op) * SPFN; unless NO-LOAD is specified, 


SPFN> (SP.5p) 
Description: The ONE's COMPLEMENT of the contents of S-PAD DESTINATION 
REGISTER are enabled onto the S-PAD Function. The result (SPFN) is stored 
into SP oop unless S-PAD NO-LOAD (#) is specified in the instruction. 
The appropriate bits of the AP INTERNAL STATUS REGISTER (APSTATUS) will 
be set and may be tested during the next instruction cycle. 


CARRY BIT EQUATION: Unless SP oop was @, CARRY=1. 
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S~-PAD OPERATIONS 1 FIELD 


MANDATORY FIELDS 
OPTIONAL FIELDS 


DISABLED FIELDS 


SPEC OPER 


VALUE 


14 LOAD S-PAD DESTINATION REGISTER from the PANEL BUS 


Assembler 
Format: LDSPNL spd 

° > . > 
Effect: (SP. ap) SPFN; PNLBS SP oon 


Description: First, the S-PAD Function is set to the old contents of the 
S-PAD DESTINATION REGISTER. Then, whatever is enabled onto the PANEL BUS 
is loaded into the S-PAD DESTINATION REGISTER. . 

The appropriate bits of the AP INTERNAL STATUS REGISTER (APSTATUS) 


are set as determined by the previous contents of SP and may be tested 


SPD 
during the next instruction. S-PAD CARRY is set to one. If no S-PAD 


operation is done in the next instruction, then SPFN for that instruction 


will be the new contents of SP oon as loaded by this instruction cycle 


FIRST: THEN: 


g 15 
| SP opp | PNLBS 
g 15 g 15 


| SPFN | SP opp 
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| SPEC OPER 


VALUE 


S-PAD OPERATIONS 1 FIELD 


9 10 11 12 13 
. = MANDATORY FIELDS 
OPTIONAL FIELDS 


Uy, DISABLED FIELDS 


Load S-PAD DESTINATION REGISTER from 


LDSPE 
DATA PAD BUS - EXPONENT 
Assembler + 
Format: LDSPE spd 
(SP )> SPFN; then (ppps=*?) -512>SP 
Effect: SPD 3 Ls SPD 


Description: First, the SPFN is set to the old contents of the S-PAD 
DESTINATION REGISTER. Then the EXPONENT portion of the DATA PAD BUS 
(bits 02-11), BIAS inverted, is loaded into the S-PAD DESTINATION 
REGISTER (bits 06-15). The inverted EXPONENT BIAS BIT is extended into 
the remaining portion of SP(SPD) (bits 00-05). 


The appropriate bits of the AP INTERNAL STATUS REGISTER (APSTATUS) are 
set as determined by the previous contents of SP(SPD) and may be tested 
during the next instruction. S-PAD CARRY is set to one. If no S-PAD 
operation is done in the next instruction, then SPFN for that 


instruction will be the new contents of SP(SPD) as loaded by this 
instruction. 


"this transformation converts a BIASED EXPONENT from a Floating Point 


word into its TWO's COMPLEMENT equivalent. 
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VALUE 


16 


S-PAD OPERATIONS 1 FIELD 


9 10 11 12 13 


z= MANDATORY FIELDS 
OPTIONAL FIELDS 


UY, DISABLED FIELDS 


SOP1 


SPEC OPER 


LDSPT Load S~PAD DESTINATION REGISTER from 
DATA PAD BUS - INTEGER 


Assembler 
Format: LDSPI spd 

: > 
Effect: (SP.5p)? SPFN, then (DPBS, rissa)” 3Pspp 


Description: First, SPFN is set to the old contents of the S-PAD 
DESTINATION REGISTER. Then the contents of the DATA PAD BUS - LOW 
MANTISSA, a 16-bit integer, are loaded into the S-PAD DESTINATION 
REGISTER. | 

The appropriate bits of the AP INTERNAL STATUS REGISTER (APSTATUS) 
are set as determined by the previous contents of SP opp and may be 
tested during the next instruction. S-PAD CARRY is set to one. If no 
S-PAD operation is done in the next instruction, the SPFN for that in- 


struction will be the new contents of SPoon as loaded by this instruction. 
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VALUE 


17 


S-PAD OPERATIONS 1 FIELD 


OPTIONAL FIELDS. 


SPEC OPER 


DISABLED FIELDS 


Load S-PAD DESTINATION REGISTER from DATA PAD BUS - 
TABLE LOOK UP BITS 


Assembler 
Format: LDSPT spd 
Bits 92-98 
: > 
Effect: (SP oop)” SPFN; then (DPBS MANTISSA ) SP opp 


Description: First, the SPFN is set to the old contents of S-PAD 
DESTINATION REGISTER. Then the DATA PAD BUS - TABLE LOOK UP bits 
(MANTISSA [bits 02-08]) are loaded into bits 09-15 of the S-PAD 
DESTINATION REGISTER. SP(SPD) bits 00-08 are cleared to zero. 


LDSPT may be used to calculate memory addresses for use with a look up 
table. It extracts the seven most significant unknown bits from a 
positive, normalized, non-zero Floating Point number. 


The appropriate bits of the AP INTERNAL STATUS REGISTER (APSTATUS) are 
set as determined by the previous contents of SP(SPD) and may be tested 
during the next instruction. S-PAD CARRY is set to one. If no S~PAD 
Operation is done in the next instruction, then SPFN for’ that 
instruction will be the new contents of SP(SPD) as loaded by this 
instruction. 
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SPECIAL TEST FIELD (STEST) 


8 10 11 212 1 


EEE EME 
ee 
ae ae eae 


zz MANDATORY FIELDS 
5 OPTIONAL FIELDS 


WU, DISABLED FIELDS 


VALUE 
g BFLT BRANCH on FLOATING ADDER LESS THAN ZERO 
Assembler 
Format: BFLT targ 
Effect: If FA <0; then (PSA) + (pIsP* - BIAS) > PSA (where 


BIAS = 20.) . 


Description: CONDITIONAL RELATIVE BRANCH. BFLT will cause a program 
branch if the FADDR Result (FA) available during the previous 
instruction was less than zero. 


This instruction tests the FA-NEGATIVE Bit (FN) of the APSTATUS 
Register. If FN is equal to "1" (indicating that FA was negative 
during the previous instruction) a program branch will occur to the 
BRANCH TARGET ADDRESS (targ) formed by adding the current contents of 
PSA with Biased contents of the DISP field of the current instruction 
word. If FN is equal to "0," this instruction will have no effect. 


The BRANCH TARGET ADDRESS must lie within -20(8) to +17(8) locations 
relative to the current PROGRAM SOURCE ADDRESS. 


DISP=Instruction Word (BITS 27-31) is computed as follows: DISP = 
targ - (PSA) + BIAS. Note that if FN was altered via a LDAPS 
instruction, at least one cycle must intervene before testing it with 
this instruction. This restriction applies to all BRANCH instructions 
that test conditions appearing in APSTATUS. 
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VALUE 


BL = SLM se 


SPECIAL TEST FIELD (STEST) 


10_11 12 13 
a MANDATORY FIELDS 
OPTIONAL FIELDS 


/ 
WY) DISABLED FIELDS 


BLT BRANCH if S-PAD FUNCTION is LESS THAN ZERO 
Assembler 
Format: BLT targ 
Effect: If SPFN <O; then (PSA) + (prsp’ - BIAS) +> PSA (Where 


BIAS = 20,)- 


Description: CONDITIONAL RELATIVE BRANCH. BLT will cause a program 
branch if the result of the last S-PAD operation (SPFN) was less than 
ZELO. 


This instruction tests the condition of the SPFN-NEGATIVE Bit (N) of 
the APSTATUS Register. If "N" is equal to "1" (indicating that SPFN of 
the last previous instruction was negative), a program branch will 
occur to the BRANCH TARGET ADDRESS (targ) formed by adding the current 
contents of PSA with the BIASED contents of the DISP field of the 
current instruction word. If "N" is equal to "0," this instruction 
will have no effect. 
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SPECIAL TEST FIELD (STEST) 


MEMS 
TE OPTIONAL FIELDS 


i 
Wy, DISABLED FIELDS 


VALUE 
2 BNC BRANCH if S-PAD CARRY is equal to "1" 
Assembler 
Format: BNC targ 
Effect: If S-PAD CARRY = 1; then (PSA) + (DISP’ - BIAS) + PSA 


(Where BIAS = 20.) - 


Description: CONDITIONAL RELATIVE BRANCH. BNC will cause a program 
branch if the S=PAD CARRY Bit (C) of the APSTATUS Register is equal to 


Ls Ee " 
Bit "C" will be equal to "1" if either: 


*the S-PAD CARRY Bit was set to "1" as a result of the 
last S-PAD operation and no S-PAD SHIFT was specified, or 


*a shift occurred during the last S-PAD operation and the 


last bit shifted "off the end" of the S-PAD Result was 
equal to "1." 
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SPECIAL TEST FIELD (STEST) 


3 


Pp i 2 
BA 0-0 1}/, 


3 | BZCc 


Assembler 
Format: 


Effect: 


Description: 
branch if the 
ZeTO~ 


eI 


figs MANDATORY FIELDS 
OPTIONAL FIELDS 


WY DISABLED FIELDS 


BRANCH on S-PAD CARRY equal to ZERO 


BZC targ 


If S~PAD CARRY = 9%; then (PSA) + (prsp* - BIAS) +> PSA 


(Where BIAS = 20,)- 


CONDITIONAL RELATIVE BRANCH. BZC will cause a program 


S-PAD CARRY Bit (C) of the APSTATUS Register is equal 
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to 


SPECIAL TEST FIELD (STEST) 


10 11 °=212 


EMME ESM 
a TEU 
Aa sl ere 


a MANDATORY FIELDS 


| OPTIONAL FIELDS 


Wy, DISABLED FIELDS 


VALUE 
4 BDBN BRANCH if DATA PAD BUS is NEGATIVE 
Assembler 
Format: BDBN targ 
Effect: If (DB) <0.0; then (PSA) + (DIsP’ - BIAS) > PSA 


(Where BIAS = 20.) - 


Description: CONDITIONAL RELATIVE BRANCH. The sign of the DATA PAD 
BUS (MANTISSA) (DB[MANT]bit 00) is tested as to its state during the 
preceding instruction. If DB(MANT)Bit 00 was negative, (e.g.,=1), a 
program branch will occur to the BRANCH TARGET ADDRESS (targ) formed by 
adding the current contents of PSA with the BIASED contents of the 
DISP field of the current instruction word. If DB(MANT)Bit 00 was 
"0," this instruction will have no effect. 


NOTE: Since any data enabled onto DB is not latched, the programmer 
must re-enable the particular data onto DB one instruction cycle before 
attempting to test it with this instruction. 


Note that instructions in the PS field (RPSF, LPSL, etc.) cannot be 
used to enable data onto Data Pad Bus for testing with this 
instruction. 
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VALUE 


ho VAM 


SPECIAL TEST FIELD (STEST) 


Cre 


= MANDATORY FIELDS 
OPTIONAL FIELDS 


DISABLED FIELDS 


BDBZ BRANCH if DATA PAD BUS is POSITIVE and UNNORMALIZED 
Assembler 
Format: BDBZ targ 
MANT. - ‘ " ee < 
Effect: If DB Bits 02,81 = "9", then (PSA) + (DISP 


(Where BIAS = 20,)- 


Description: CONDITIONAL RELATIVE BRANCH. BDBZ will cause a program 
branch to occur to the BRANCH TARGET ADDRESS (targ), formed by adding 
the current contents of PSA with the BIASED contents of the DISP field 
of the current instruction word, if the sign of the DATA PAD 
BUS (MANTISSA)(DB[MANT]Bit 00), enabled during the preceding 
instruction, was positive (e.g.,=0) and DB(MANT)Bit 01 was also equal 
to "0," (indicating an UNNORMALIZED MANTISSA). If either or both Bits 
equal(s) "1," this instruction will have no effect. 


NOTE: Since any data enabled onto DB is not latched, the programmer 


must reenable the particular data onto DB one cycle before attempting 
to test it by this instruction. 
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~ BIAS) > PSA 


SPECIAL TEST FIELD (STEST) 


LT MANDATORY FIELDS 
OPTIONAL FIELDS 


WEES 
x) 
er 


(oo VD 


DISABLED FIELDS 


VALUE 

6 BIFN BRANCH if INVERSE FFT FLAG = 1 
Assembler 
Format: BIFN targ 

Bit 11 7 
Effect: If IFFT (APSTATUS ) = 1; then (PSA) + (DISP - BIAS)>PSA 
(Where BIAS = 20,)- 

Description: CONDITIONAL RELATIVE BRANCH. BIFN will cause a program 
branch if the Inverse FFT Flag (IFFT) of the APSTATUS Register is set 
to so) 
IFFT is APSTATUS(bit 11) and can be set by an LDAPS instruction. (See 
LDREG, 1/0.) It is normally set to "1," along with APSTATUS(bit 12) 
(FFT), only during an INVERSE FAST FOURIER TRANSFORM. 

7 BRANCH if IFFT FLAG = 0 
Assembler 
Format: BIFZ targ 

Bit 12 7 

Effect: If IFFT (APSTATUS ) = @; then (PSA) = (DISP - BIAS) >PSA 


(Where BIAS = 20,)- 


Description: CONDITIONAL RELATIVE BRANCH. BIFZ will cause a program 


branch if the INVERSE FFT Flag (IFFT) of the APSTATUS Register is 
cleared to zero. 
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am TTT 


SPECIAL TEST FIELD (STEST) 


ea MANDATORY FIELDS 


] 


OPTIONAL FIELDS 


DISABLED FIELDS 


10 through 13 No Operation 
14 mw | BRANCH if GENERAL FLAG #% = 1 
15 | am | BRANCH if BENERAL FLAG #1 = 1 
16 | me | BRANCH if GENERAL FLAG #2 = 1 
17 | | BRANCH if GENERAL FLAG #3 = 1 
Assembler 
Format: BFLn targ 
Effect: If FLAG n=1; then (PSA) + (orsp* ~ BIAS) > PSA 


(Where BIAS = 20,)- 


Description: A branch will occur to program location "targ" (assembler 
format) if flag "n" is set to "1." Flag "n" must have been set or 
cleared two cycles before the current instruction cycle in order to be 
tested, i.e., at least one cycle must intervene between a set or clear 
flag instruction and a branch flag instruction. 


Spee tyegh 

Note: The CONDITIONAL RELATIVE BRANCH instructions test the 

condition of either of four GENERAL FLAGS (0,1,2,3) available 
for use in the AP. These flags may be "set" or "cleared" by 

software instructions. (See FLAG, I/ 0.) 
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HOST/PANEL FIELD (HOSTPNL) 


6 7 8 9 10 11 4) 


EMME 
VEU 
noc 


& MANDATORY FIELDS 


| OPTIONAL FIELDS 


Yj, DISABLED FIELDS 


VALUE 

Gg PNLLIT TRANSFER PANEL BUS to the LITES REGISTER 
Assembler 
Format: PNLLIT 
Effect: (PNLBS) > LITES 
Description: The current data enabled onto the 16-bit PANEL BUS are loaded 
into the 16-bit LITES REGISTER. 

l DRELIT TRANSFER DATA PAD BUS to the LITES REGISTER, 


via PANEL BUS 


Assembler 
Format: DBELIT 
Effect: (DBE?) PNLBS > LITES; right justified. 


Description: The current data enabled onto the 10-bit DATA PAD BUS NE 


are loaded into the 16-bit LITES REGISTER - right justified. The transfer 
is via the PANEL BUS. 
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XE 


HOST/PANEL FIELD (HOSTPNL) 


9 


VIET YUE 
LU 


|| MANDATORY FIELDS 


OPTIONAL FIELDS 


7 
Yj, DISABLED FIELDS 


. 


TRANSFER DATA PAD BUS -— HIGH MANTISSA to the LITES 


DBHLIT REGISTER, via PANEL BUS 
Assembler 
Format: DBHLIT 
Effect: (ppiMANT) .. pNEBS + LITES; right justified 


‘ , j IGH MANTISSA 
Description: The current data enabled onto the DATA PAD pus! : : 


Bits @%-11 


(MANTISSA ) are loaded into the 12 right-most bits of the LITES 


REGISTER. The transfer is via PANEL BUS. 


TRANSFER DATA PAD Bus MANTISSA 1 the 


DBLLIT ; 
LITES REGISTER, via PANEL BUS 
Assembler 
Format: DBLLIT 
Effect: (pBeANT) . pNrBS > LITES 


Description: The current data enabled onto the DATA PAD pus ares: 


(Mantrssa>7*S nore is loaded into the LITES REGISTER,via the PANEL BUS. 
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VALUE 


MEME 


HOST/PANEL FIELD (HOSTPNL) 


7 
= MANDATORY FIELDS 


LL SEYILLL) 
as 


ee] OPTIONAL FIELDS 


Yj, DISABLED FIELDS 


No Operation 


SWDB TRANSFER SWITCHES to the DATA PAD BUS, via PANEL BUS 
Assembler 
Format: SWDB 
Example: DPX (1) < DB; SWDB 
Effect: (swRretts 96-15)___, pp EXP Bits g2-11, 
(sweeits 84-15) pp MANT Ets gg-11, via PNLBS 


(SWR) —_—--—____--_--_-> pp ANT Bits 12-27. 


Description: The current contents of the 16-bit SWITCH Register (SWR) 
are enabled onto the DATA PAD BUS (DB) in the following manner: 


SWR(bits 06-15) are enabled onto the DATA PAD BUS(EXPONENT), 


SWR(bits 04-15) are enabled onto the DATA PAD BUS(HIGH 
MANTISSA), and 


SWR(bits 00-15) are enabled onto the DATA PAD BUS (LOW 
MANTISSA). 


The transfer is via PNLBS. 


This instruction is used concurrently with a write from DATA PAD BUS 
operation to transfer the contents of SWR into a designated memory 


location or Register. Use of this instruction disables any current DB 
or PNLBS source-enabling operation. 
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-HOST/PANEL FIELD (HOSTPNL) 


MANDATORY FIELDS 


Ys V/////) ee] OPTIONAL FIELDS 


WY, DISABLED FIELDS 


VALUE 


TRANSFER SWITCHES to the DATA PAD BUS=<PONENT 


a via PANEL BUS 


Assembler 
Format: SWDBE 
Example: DPY(-2) <DB; SWDBE 
Effect: (swRbits 96-15)___, ppEXP Bits 92-11, a 
Bits g4-15 MANT ; via PNLBS; WRTEXP 
(SWR )-———>_ DB Bits 9-11, is forced 


(SR pp ANT Bits 12-27% 


Description: The current contents of the 16-bit SWITCH Register (SWR) 
are enabled onto the DATA PAD BUS (DB) and a WRTEXP is forced. 


A WRTEXP is forced as part of this instruction, restricting the writing 
to the EXPONENT portion of the designated memory location. 


Rs see, SOP1 for a detailed description of WRTEXP 
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VALUE 


12 


MEM 


HOST/PANEL FIELD (HOSTPNL) 


7 _ 8 9 :+10 


= MANDATORY FIELDS 


Ls 
Cae eee 


ne OPTIONAL FIELDS 


7 
Yj DISABLED FIELDS 


SWDBH TRANSFER SWITCHES to DATA PAD BUS HIGH MANTISSA 
Assembler 
Format: SWDBH 
Example: SETMA; MI<DB; SWDBH 
Effect: (swpPtts @6-15)_ ppEXP pits 92-11, = + 
eee a via PNLBS;WRTHMN 
(SWR )——— DB Bits %@-11, is forced 


(swR) > pp” "STgits 12-27. | 


Sess 


Description: The current contents of the 16-bit SWITCH Register (SWR) 
are enabled onto the DATA PAD BUS (DB) in the following manner: 


The transfer is via PNLBS. 
A WRTHMN is forced as part of this instruction, restricting the 


writing to the HIGH-MANTISSA portion (MANTISSA[bits 00-11]) of the 
designated memory location, only. 


See SOP1 for a detailed description of WRTHMN 
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HOST/PANEL FIELD (HOSTPNL) 


7. 8 9 30 Ji 


= MANDATORY FIELDS . 


| OPTIONAL FIELDS 


Wy, DISABLED FIELDS 


VALUE 
14 
through No Operation 
17 
13 TRANSFER SWITCHES to DATA PAD BUS ISSA 
Assembler 
Format: SWDBL 
Example: SWDBL; DPY(1) <DB 
Effect: (swRDtts 96-15)__ pBEXP Bits g2-11, + 
Bits 94-15 MANT WES Apo NT 
(SWR )———> DB Bits 9-11, Peotone 
MANT 


SW) DB Bits 12-27. 
Description: The current contents of the 16-bit SWITCH Register (SWR) 
are enabled onto the DATA PAD BUS (DB) in the following manner: 
The transfer is via PNLBS. 


A WRTLMN is forced as part of this instruction, restricting the 


writing to the LOW-MANTISSA portion (MANTISSA[bits 12-27]) of the 
designated memory location only. 


See SOP1 for a detailed description of WRTLMN 
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SET PROGRAM SOURCE ADDRESS (SETPSA) 


Rd MANDATORY FIELDS 


EME 
be Wee TT 


ea OPTIONAL FIELDS 


YW, DISABLED FIELDS 
Se 


VALUE 
Assembler 
Format: JMPA adr 
Effect: (VALUE) ~> PSA 


Description: JMPA forces the address contained in the least-significant 12 
bits of the VALUE field (Instruction Word >t*S 48°©3) into the 12-bit PROGRAM 
SOURCE ADDRESS REGISTER (PSA). The effect is an ABSOLUTE JUMP to the location 


in program memory contained in the VALUE field. 
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' SET PROGRAM SOURCE ADDRESS (SETPSA) 


VALUE 


Tal «0s VE WEL 


- MANDATORY FIELDS 


OPTIONAL FIELDS 


2283 LL Ps 
| 20 0 0 | Uy, DISABLED FIELDS 


JSRA JUMP to SUB ROUTINE (ABSOLUTE) 
Assembler 
Format: JSRA adr 
Effect: (SRA) + 17> SRA; (PSA) + 1-7 SRS (VALUE) > PSA 


SRA’ 
Description: SUB-ROUTINE JUMP. First, the contents of the current 
PROGRAM SOURCE ADDRESS (PSA), plus "1," are saved by incrementing the 
SUB-ROUTINE STACK ADDRESS REGISTER (SRA) and storing the current [(PSA) 
+ 1] into the "last-in" location of the SUB-ROUTINE RETURN STACK (SRS). 


The least-significant 12 bits of the VALUE field (Instruction Word[bits 
48-63]) are then loaded into the 12-bit PROGRAM SOURCE ADDRESS REGISTER 
(PSA). The program then jumps to that location. (See also RETURN, 
BRANCH. ) 


WARNINGS: The JSR instructions have a timing problem that 
causes certain instruction sequences to execute improperly. 
The following sequences should be avoided by the programmer: 


1) Instruction from PS, PSEVEN or PSODD followed 
by a JSR. 


example: LDPSL 
_ JSRA 


2) HALT instruction or a Panel Breakpoint before 
a JSR. 


example: HALT 
JSRT 


3) Execution of consecutive RETURN instructions. 
This appears in the coding as a JSR followed 
by a RETURN. 


example: JSR 
RETURN 


These cases all result in a mismatch between the subroutine Return 
address pointers (SRA) and program execution, and thus will cause 
severe debugging problems if extreme caution is not taken to avoid 


them. | B- 46 


VALUE 


2 


MEMES 


SET PROGRAM SOURCE ADDRESS (SETPSA) 


eo MANDATORY FIELDS 


are eee 


OPTIONAL FIELDS 


W) DISABLED FIELDS 


Assembler 
Format: JMP adr 
Effect: (VALUE) + (PSA) > PSA 


Description: UNCONDITIONAL RELATIVE JUMP. The address contained on the 
least~significant 12 bits of the VALUE field (Instruction Werass = 883, 
is added to the current contents of the PROGRAM SOURCE ADDRESS REGISTER 
(PSA). The address thus formed is loaded into PSA and the program jumps to 


that location. 


JSR JUMP TO SUB ROUTINE (RELATIVE) 
Assembler 
Format: JSR adr 
Effect: (SRA) + 17> SRA; (PSA) + 17> SRS . 


SRA 
(VALUE) + (PSA) +> PSA 


Description: RELATIVE SUB-ROUTINE JUMP. First, the current contents of 

the PROGRAM SOURCE ADDRESS (PSA) plus "1" are saved by incrementing the 
SUB-ROUTINE ADDRESS REGISTER (SRA) and storing [(PSA) + 1] into the "last-in" 
position of the SUB-ROUTINE RETURN STACK (SRS ys 


SRA 
The address contained in the least-significant 12 bits of the VALUE field 
; Bits 48-63. . 
(Instruction Word 6 ) is added to the current contents of the PROGRAM 


SOURCE ADDRESS REGISTER (PSA). The address thus formed is loaded into PSA 
and the program jumps to that location, (see also, RETURN, BRANCH a 
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SET PROGRAM SOURCE ADDRESS (SETPSA) 


MME 
Y/soes'/////I/} 


EY, 


- MANDATORY FIELDS 


a OPTIONAL FIELDS 


Wy DISABLED FIELDS 


VALUE 
4 JMPT JUMP to location specified by TABLE MEMORY ADDRESS (ABSOLUTE) 
Assembler 
Format : JMPT 
Example: ADD 1,2; SETTMA 
Effect: (TMA) * PSA 
Description: UNCONDITIONAL ABSOLUTE JUMP. The contents of the PROGRAM SOURCE 
REGISTER (PSA) are replaced by the least-significant 12 bits of the current 
contents of the TABLE MEMORY ADDRESS REGISTER (TMA). 
JUMP to SUB-ROUTINE at location specified by 
5 JSRT 


TABLE MEMORY ADDRESS (ABSOLUTE) 


Assembler 
Format: JSRT . 
Example: ADD 1,2; SETTMA 
JSRT 
Effect: (SRA) + 1+ SRA; (PSA) +1 > SRS opi (rma®2ts ere PSA 


Description: UNCONDITIONAL ABSOLUTE SUB-ROUTINE JUMP. First, the current 
PROGRAM SOURCE ADDRESS plus "1" is saved by incrementing the SUB-ROUTINE 
ADDRESS POINTER (SRA) and storing [(PSA) + 1] into the "last-in" position 


Ra)* 


of the SUB-ROUTINE RETURN STACK (SRS. 
The contents of PSA are then replaced by the least-significant 12 bits 


of the current contents of the TABLE MEMORY ADDRESS REGISTER (TMA). The 


program then jumps to the new PROGRAM SOURCE location. (See also, RETURN, 
BRANCH ). 
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SET PROGRAM SOURCE ADDRESS (SETPSA) 


12 12 #13 


EMME 
eT 


ea MANDATORY FIELDS 


OPTIONAL FIELDS 


re 
Yj DISABLED FIELDS 
VALUE 


JUMP to location indicated by SWITCH REGISTER, 
via PANEL BUS (ABSOLUTE) 


Assembler 
Format: JMPP 
Effect: (spwetts 4-15) Lontes > psa 


Description: UNCONDITIONAL ABSOLUTE JUMP. The current contents of the 
least-significant 12 bits of the SWITCH REGISTER (SWR) are loaded into the 
PROGRAM SOURCE ADDRESS REGISTER (PSA) via the PANEL BUS (PNLBS). 

The program then jumps to the new PROGRAM SOURCE location. 


WARNING: Propagation delays inherent when 
executing JMPP may disallow proper 
decoding of certain target instruc- 
tions. The perferred alternative 
sequence is as follows: 

t SWDB; LDTMA 


n 


Cael JMPT 
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SET PROGRAM SOURCE ADDRESS (SETPSA) 


9 10 11 12 13; 


UTES LLL 
TT 


EY) 


a MANDATORY FIELDS 


OPTIONAL FIELDS 


Uj DISABLED FIELDS 


VALUE 
7 JSRP JUMP to SUB-ROUTINE pointed by the SWITCH REGISTER 
‘Assembler 
Format: JSRP 
Effect: (SRA) + 17> SRA; (PSA) + 17> SRS ; 
Bits 94-15 ae 
(SWR ) > PNLBS > PSA 


Description: UNCONDITIONAL ABSOLUTE SUB-ROUTINE JUMP. First, the current 
PROGRAM SOURCE ADDRESS (PSA) plus "1" is "saved" by incrementing the SUB- 
ROUTINE ADDRESS POINTER (SRA) by "1" and storing [(PSA) + 1] into the 
"last-in" position of the SUB-ROUTINE RETURN STACK (SRS oa) 

Then the contents of the PROGRAM SOURCE ADDRESS REGISTER are replaced 
by the current contents of the least significant 12 bits of the SWITCH 
REGISTER (via the PANEL BUS). The program then jumps to the new PROGRAM 


SOURCE location. (See also, RETURN, BRANCH ). 


WARNING: Propagation delays inherent when 
executing JSRP may disallow proper 
decoding of certain target in- 
structions. The preferred alterna- 
tive sequence is as follows: 

tL SWDB; LDTMA 


Catl JSRT 
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PSEVEN, PSODD AND PS 
FIELDS 


The following instructions available in the PSEVEN and PSODD fields 
involve PROGRAM SOURCE partial-word transfers via the PANEL BUS. 
Addressing for a given instruction may be RELATIVE or ABSOLUTE. (See 
SPEC SUMMARY.) All instructions within these fields require two cycles 
tc execute and instructions from other fields which reference PNLBS for 
addressing or use PNLBS as a transfer-conduit should not _ be 
concurrently specified. 


Formats for the various PS partial-words is given below: 


Please note the warnings in the HALT, BDBN, BDBZ and JSRA descriptions. for 
WRT the PS, PSEVEN and PSODD instructions. 


NOTES 


1) When VALUE or TMA is used as an addressing subscript, the 
least-significant 12 bits are used. 
Example: 
PS (QO) (VALUE )=PS(Q0) (VALUE) (bits 52-63) 
PS(QO) (TMA )=PS(Q0)(TMA) (bits 04-15) 


TMA is TMA Register, not the Table Memory Address which may be modified 
by the FFT bit APSTATUS. 


2) PS Quarter 0 is Bits 00 to 15 = PS(QO) 
1 16 to 31 = PS(Ql) 
2 32 to 47 = PS(Q2) 
3 48 to 64 = PS(Q3) 
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PROGRAM SOURCE - EVEN FIELD (PSEVEN) 


[TUL 


MANDATORY FIELDS 


OPTIONAL FIELDS 


DISABLED FIELDS 


g READ PROGRAM SOURCEQARIER 8 +, tires (ABSOLUTE) 
RPS#A adr 
Og 
(PS watae +> PNLBS > LITES 
i RPS2A READ PROGRAM SOURCEQUARTER 2 54, LITES (ABSOLUTE) 
Assembler 
Format: RPS2A adr 
Effect: (SP sce) + PNLBS > LITES 
2 RPSZ READ PROGRAM SOURCEWARIER 8 4, tires (RELATIVE) 
Assembler 
Format: RPS@ adr 
: QB 
Effect: (PS VALUE + psa) +> PNLBS > LITES 
3 RPS2 READ PROGRAM SOURCE? 2 to LITES (RELATIVE) 
Assembler 
Format RPS2 adr 
: Q2 
Effect: (PS VALUE + psa) > PNLBS > LITES 
4 RPSOT READ PROGRAM SOURCE” g to LITES 
from the location specified by TABLE MEMORY ADDRESS 
Assembler 
Format: RPS@T . 
can, + PNLBS ~> LITES 


Effect: (PS 


E- 52 


PROGRAM SOURCE ~- EVEN FIELD (PSEVEN) 


9 10 11 12 13 


TL 
sc TT 


zz MANDATORY FIELDS 
ce OPTIONAL FIELDS 


W//) DISABLED FIELDS 


VALUE 


QUARTER 2 | 
5 RPS2T READ PROGRAM SOURCE to LITES 
from the location specified by TABLE MEMORY ADDRESS 


Assembler 
Format: RPS2T 
Q2 
f£ : P > > 
Effect (PS ra) PNLBS LITES 


; . 
7 
QUARTER @ 
lg WPS@A WRITE PROGRAM SOURCE from the 
SWITCHES (ABSOLUTE) 


Assembler 
Format: WPS@A adr 

: Og 
Effect: (SWR) > PNLBS > PS VALUE 

QUARTER 2 
ll WPS2A WRITE PROGRAM SOURCE from the 
SWITCHES (ABSOLUTE) 

Assembler 
Format: WPS2A .adr 
Effect: (SWR) > PNLBS > PS?" 


VALUE 
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PROGRAM SOURCE - EVEN FIELD (PSEVEN) 


6 7 9 10 ll 12 13 


TE «0 3 WT 
Yysoe | HHiH/// Be OPTIONAL FIELDS 
Rete. «1 avast ate 


MANDATORY FIELDS 


VALUE 
WRITE PROGRAM SOURCEVUARIER B from the 
_ i SWITCHES (RELATIVE) 
Assembler 
Format: , WPS# adr 
OD 
Effect: (SWR) + PNLBS > PS” UaruE + PSA 
| WRITE PROGRAM SOURCESUARIER 2 from the 
13 WPS2 - SWITCHES (RELATIVE) 
Assembler 
Format: WPS2 adr 
s Qe 
Effect: (SWR) + PNLBS + PS” aruR + PSA 
WRITE PROGRAM SOURCECUARTER B from the 
14 WPSPT SWITCHES at the location specified by TABLE MEMORY ADDRESS 
Assembler 
Format: WPSST 
Effect: (SWR) > PNLBS > BS i 
| WRITE PROGRAM SOURCE WUARTER 2 From the 
15 WPS2T SWITCHES at the location specified by TABLE MEMORY ADDRESS 
Assembler 
Format: WPS2T 
Effect: (SWR) + PNLBS > Sat 
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PROGRAM SOURCE - ODD FIELD (PSODD) 


ee MME 
EMU 


= MANDATORY FIELDS 


Ral OPTIONAL FIELDS 


Wy, DISABLED FIELDS 


VALUE 

g READ PROGRAM SOURCEZARTER 1 1. tomes (ABSOLUTE) 
Assembler 
Format: RPSI1A adr 
Effect: ve oe + PNLBS > LITES 

1 RPS3A READ PROGRAM SOURCE TER 3 from LITES (ABSOLUTE) 
Assembler 
Format: ; RPS3A adr 
Effect: : (PS vane) + PNLBS > LITES 

2 RPSL . READ PROGRAM ee 1 to LITES (RELATIVE) 
Assembler 
Format: RPS1 adr 
Effect: (BSP pans n pew + PNLBS > LITES 

3 RPS3 READ PROGRAM SOURCE? 3 to LITES (RELATIVE) 
Assembler 
Format: RPS3 adr 
Effect: (ps2? ) > PNLBS > LITES 


VALUE + PSA 
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PROGRAM SOURCE ~ ODD FIELD (PSODD) 


8 9 10 11 12 33 


(A> eM VMN ss 


eH MANDATORY FIELDS 


OPTIONAL FIELDS 


Wy, DISABLED FIELDS 


VALUE 
4 RPSIT READ PROGRAM source , : to LITES from the 
location specified by TABLE MEMORY ADDRESS 
Assembler 
Format : RPS1T . 
. Effect: (ps2 Ma? +> PNLBS > LITES 
_ READ PROGRAM souRCE“ARTER 3 +5 Lives from the 
: BESet ‘location specified by TABLE MEMORY ADDRESS 
Assembler | | 
Format: _ RPS3T._ 
Effect: (ps3 Ma) > PNLBS > LITES 
6 
and NOP No Operation 
7 
1g WPS1A WRITE PROGRAM SOURCE” 1 from the SWITCHES (ABSOLUTE) 
Assembler 
Format: WPS1A adr 
eo Ql 
Effect: (SWR) > PNLBS > PS VALUE 
11 WPS 3A WRITE PROGRAM SOURCE? . 2 from the SWITCHES (ABSOLUTE) 
Assembler . 
Format: WPS3A adr 
: Q3 
Effect: (SWR) > PNLBS > PS vatou 


E - 56 


VALUE 


12 


13 


14 


15 


9 1 2 3 
yhoo 3 | 


PROGRAM SOURCE - ODD FIELD (PSODD) 


WPS3 


Assembler 


WPS1T 


Assembler 


Ea 


Assembler 
Format: 


Effect: 


MSS 
UM 
ca a 8 ane) 


8 9 10 11 12 13 
a MANDATORY FIELDS 


OPTIONAL FIELDS 


fc 
Yj, DISABLED FIELDS 


WRITE PROGRAM SOURCE™ ‘ from the SWITCHES (RELATIVE) 
WPS1 adr 
Ql 


> > 
(SWR) PNLBS PS VALUE + PSA 


WRITE PROGRAM SOURCEMARIER 3 trom the SWITCHES (RELATIVE) 


WPS3 adr 


Q3 
> > 
(SWR] ENLBS re VALUE + PSA 


WRITE PROGRAM SOURCE CARTER 1 from the SWITCHES 
at the location specified by TABLE MEMORY ADDRESS 


WPS1T 


Ql 
> Pp Ss +~.P 
(SWR) NLB s ai 


WRITE PROGRAM SOURCE” : from the SWITCHES 
at the location specified by TABLE MEMORY ADDRESS 


WPS3T 
Q3 


> > 
(SWR) PNLBS PS TMA 
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PROGRAM SOURCE FIELD (PS) 


7 8 9 10 11 12 #13 


Ls = VE ATID 
Um MU 


| MANDATORY FIELDS 


OPTIONAL FIELDS 


VY), DISABLED FIELDS 


VALUE 
SOURCELEFT HALF 
Gg RPSLA READ PROGRAM to DATA PAD BUS (ABSOLUTE) 
Assembler 
Format: RPSLA adr 
pea lH 
Effect: (PS canoe > DB 


Description: PROGRAM SOURCE(LEFT HALF) (PS LHJ=PS bits 00-31]), as 
addressed by the least~significant 12 bits contained in the VALUE field 
(Instruction Word bits 48-63]), is enabled onto DATA PAD BUS (DB). 
The transfer is executed in the following manner: 
* ZEROS —————-———> DB(EXP)Bits 02-07 
* PS(Bits 00-03)——»DB(EXP )Bits 08-11 
* PS(Bits 04-31)——» DB(MANT)Bits 00-27 


This instruction requires two cycles to execute. 


E - 58 


PROGRAM SOURCE FIELD (PS) 


8 9 10 ll 12 13 


Fy TH, \_| swoxrony xews 


W Uff Pe OPTIONAL FIELDS 
YY, DISABLED FIELDS 


VALUE 
F READ PROGRAM SOURCES LOATING-POINT LITERAL 
DATA PAD BUS (ABSOLUTE) 
Assembler 
Format: RPSFA adr 
FPL 
Effect: (PS VALUE) > DB 


Description: | PROGRAM SOURCE(FLOATING-POINT LITERAL) (PS(FPL]=PS bits 
(26-63]), as addressed by the least-significant 12 bits contained in the 
VALUE field (Instruction Word bits 48~-63]), is enabled onto DATA PAD 
BUS (DB). 

The transfer is executed in the following manner: 


* PS§(Bits 26-35) DB(EXP)Bits 02-11 
* PS(Bits 36-63) DB(MANT)Bits 00-27 


This instruction requires two cycles to execute. 
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PROGRAM SOURCE FIELD (PS) 


tgo12 3 4°55 


/| 


|| MANDATORY FIELDS 


OPTIONAL FIELDS ~ 


Wh, DISABLED FIELDS 


VALUE 
sounceLEFT HALF 
2 RPSL READ PROGRAM to DATA PAD BUS (RELATIVE) 
Assembler 
Format: RPSL adr 
Effect: (pg . ) > DB 


VALUE + PSA 


READ PROGRAM souRCE LOATING-POINT LITERAL , 


3 DATA PAD BUS (RELATIVE) 

Assembler 

Format : RPSF adr 

FPL : 
Fact: DB 
Effect: (PS VALUE + psa) > 
This instruction requires two cycles to execute. 
READ PROGRAM SOuRCELEFT HALF +. nara pap BUS fram the 

4 


location specified by TABLE MEMORY ADDRESS (ABSOLUTE) 


Assembler 

Format: RPSLT 

Effect: (pst!) x pp 
TMA 


This instruction requires two cycles to execute. 
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PROGRAM SOURCE FIELD (PS) 


8 9 10 ll 12 13 


MY EUIEM 
YL 


ee MANDATORY FIELDS 


OPTIONAL FIELDS 


a 
YY, DISABLED FIELDS 


VALUE 
READ PROGRAM souRCETLOATING-POINT LITERAL +. para PAD BUS 
2 RESET from the location specified by TABLE MEMORY ADDRESS (ABSOLUTE) 
Assembler 
Format: RPSFT 
Effect: | (eso) > DB 
This instruction requires two cycles to execute. 
READ PROGRAM souRCE MT HALF 4. para pap BUS £ 
6 RPSLP : ab: 
the address contained on PANEL BUS (ABSOLUTE) 
Assembler 
Format: . RPSLP 
Effect: (pghl ) > DB 
: PNLBS 
This instruction requires two cycles to execute. 
; suse READ PROGRAM SOURCES OATING-POINT LITERAL 1. para PAD BUS 
from the address contained on PANEL BUS (ABSOLUTE) 
Assembler 
Format: RPSFP 
FPL 
Effect: (PS PNLBS? > DB 


This instruction requires two cycles to execute. 
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PROGRAM SOURCE FIELD (PS) 


10311 j Yy, DISABLED FIELDS 


= MANDATORY FIELDS 


VALUE 
1g LPSLA LOAD PROGRAM SOURCELEFT HALF 
from DATA PAD BUS (ABSOLUTE) 

Assembler 

Format: LPSLA adr 

LH 
Effect: 
ec (DB) > PS VALUE 


Description: The right-most 32 bits of the DATA currently enabled onto 
DATA PAD BUS (DB) are loaded into the PROGRAM SOURCE(LEFT HALF) (PS 
LH]=PS bits 00-31]). 

The transfer is executed in the following manner: 


* DB(EXP) Bits 08-11—————= PS(Bits 00-03) 
* DB(MANT) Bits 00-27————» PS(Bits 04-31) 


This instruction requires two cycles to execute. 
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PROGRAM SOURCE FIELD (PS) 


a TU 
nas a 


i MANDATORY FIELDS 


OPTIONAL FIELDS 


DISABLED FIELDS 


VALUE 
11 Ea LOAD PROGRAM SOURCERIGHT from DATA PAD BUS (ABSOLUTE) 
Assembler 
Format: LPSRA adr 
Effect: (DB) > pst 


VALUE 


Description: The right~most 32 bits of data currently enabled onto the 
DATA PAD BUS (DB) are loaded into the PROGRAM SOURCE(RIGHT HALF) (PS 
[RH]=PS bits &48-63]) as addressed by the least-significant 12 bits of 
the VALUE field (Instruction Word bits 48-63]). 

The transfer is executed in the following manner: 


* DB(EXP) Bits 08-11—————> PS(Bits 32-35) 
* DB(MANT) Bits 00-27————> PS(Bits 36-63) 


This instruction requires two cycles to execute. 


E- 63. 


PROGRAM SOURCE FIELD (PS). 


9 10 11 12 #13 


YM EMU 
Us MU 


ls MANDATORY FIELDS 


OPTIONAL FIELDS 


SS 


YY, DISABLED FIELDS 


VALUE 
source “EET HALE 
12 LOAD PROGRAM from DATA PAD BUS (RELATIVE) 
Assembler 
Format: LPSL adr 
LH 
Effect: (DB) + PS VALUE + PSA 
This instruction requires two cycles to execute. 
13 LPSR LOAD PROGRAM SOURCERTGHT from DATA PAD BUS (RELATIVE) 
Assembler 
Format: LPSR adr 
RH 
Effect: (DB) > PS VALUE + PSA 
This instruction requires two cycles to execute. 
LOAD PROGRAM souRCE EFT HALF ¢on pATA PAD BUS as 
= ciara addressed by TABLE MEMORY ADDRESS (ABSOLUTE) 
Assembler 
Format: LPSLT 
Effect: | (DB) + pg 


TMA . 


This instruction requires two cycles to execute. 
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VALUE 


16 


PROGRAM SOURCE FIELD (PS) 


7 


6 8 9 10 11 12 13 


Yeu SPD [| mawoatorr rrezos- 


ace ee 


OPTIONAL FIELDS 


DISABLED FIELDS 


LOAD PROGRAM SouRCEN!GHT HALF +4 DATA PAD BUS as 
addressed by TABLE MEMORY ADDRESS (ABSOLUTE) 
Assembler 
Format: LPSRT 
Effect: . (DB) > pg 
. TMA 
This instruction requires two cycles to execute. 
SOURCELEFT HALF 
LPSIP LOAD PROGRAM from DATA PAD BUS at the 
address contained on PANEL BUS (ABSOLUTE) 
Assembler 
Format: LPSLP 
Effect: (DB) > psi 
PNLBS 
This instruction requires two cycles to execute. 
ee LOAD PROGRAM SOURCER GHD HALF +o DATA PAD BUS at the 
address contained on PANEL BUS (ABSOLUTE) 
‘Assembler 
Format: LPSRP 
RH 
Effect: (DB) > PS 


PNLBS 


This instruction requires two cycles to execute. 
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SET EXIT FIELD (SETEXIT) 


VALUE 
g 
1 SETEXA 
Assembler 
Format: 
Effect: 


Description: The 
(SRS[SRA]), the 
least~significant 
48-63]). SRA not 


2 

3 SETEX 
Assembler 
Format : 
Effect: 


g_9 10 31 12 13 | 
MANDATORY FIELDS 


OPTIONAL FIELDS 


Ee 
| W/, DISABLED FIELDS 


No Operation 


SET EXIT ADDRESS (ABSOLUTE) 


SETEXA 
(VALUE) + SRS 
SRA 


contents of the current SUB-ROUTINE RETURN ADDRESS 

"last-in" address, are replaced by the 
12 bits of the VALUE field (Instruction Word[bits 
affected. 


No Operation 


SET EXIT ADDRESS (RELATIVE) 


SETEX adr 


= > 
(VALUE PSA) SRS cpa 


Description: The contents of the current SUB-ROUTINE RETURN ADDRESS (SRS ) 


SRA’ ’ 


the "last-in" address, are replaced with the address formed by adding the 


current contents of the PROGRAM SOURCE ADDRESS (PSA) to the least-significant 


12 bits contained on the VALUE field. 
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SET EXIT FIELD (SETEXIT) 


1 2 3 4 7 8 9 10 211 12 13 


eee) 
Yj sopi///////) 


|| MANDATORY FIELDS 


i V4 
to 


OPTIONAL FIELDS 


Ee 
W/, DISABLED FIELDS — 


VALUE 
4 No Operation 
. 5 | ome | SET EXIT ADDRESS from TABLE MEMORY ADDRESS (ABSOLUTE) 
Assembler 
Format: SETEXT 


Effect: | (TMA) > SRS oon 


Description: The contents of the current SUB-ROUTINE RETURN ADDRESS (SRS cpa)! 
the "last-in" address, are replaced by the least-significant 12 bits of the 


current contents of the TABLE MEMORY ADDRESS REGISTER (TMA). 


7 | sme | SET EXIT ADDRESS from PROGRAM SOURCE ADDRESS plus ONE (ABSOLUTE) 


Assembler 

Format: SETEXP 
° + > 

Effect (PSA 1) SRS spa 


Description: The contents of the current SUB-ROUTINE RETURN ADDRESS (SRS oon) 7 
the “last-in" address, are replaced by the current contents of the PROGRAM 


SOURCE ADDRESS REGISTER (PSA) plus "1" 
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BRANCH GROUP. (BRANCH) 


23 24 25 26 27 28 29 30 31 


No Operation 


-S-PAD DESTINATION REGISTER NO-LOAD 


Assembler 
Format: <#> 

(Example: ADDLi# 4,5) 
Effect: (SPFN) > SP opp is inhibited. 
Description: 


This instruction inhibits the normal loading of the current 
S-PAD OPERATION result (SPFN) back into the S-PAD DESTINATION REGISTER 
(SP. 5p) specified during the S-PAD Operation. (See S-PAD summary) 


NOTE: Brackets indicate optional use with S-PAD operations. 


E = 685. 


BRANCH GROUP (BRANCH) 


23 24 25 26 27 28 29 30 31 


VALUE 


UNCONDITIONAL BRANCH (RELATIVE) 


Assembler 
Format: BR disp 

(Examples: BR LOOP) 
Effect: (PSA) + (prsP* - BIAS)*> PSA 


(Where BIAS = 20) - 


Description: UNCONDITIONAL RELATIVE BRANCH 


The program will branch- to the target location "disp" (Assembler 
Format) by adding the current PSA to the BIASED value contained in the 
DISPlacement field of the instruction word. 


NOTE: The BRANCH TARGET ADDRESS must be within a range of 


-20(8) to 
+17(8) 


locations relative to the current PROGRAM SOURCE ADDRESS (PSA). 


DISP = bits 27-31 of the current instruction word and is completed as 
follows: 


+DISP = disp - PSA + BIAS. 


E = 69 


BRANCH GROUP (BRANCH) 


23 24 25 26 27 28 29 30 31 


VALUE 


BINTRQ BRANCH ON INTERRUPT REQUEST FLAG NON-ZERO 
Assembler 
Format: BINTROQ disp 
Effect: If INTRO = 1, then (PSA) + (DISP - BIAS)>PSA 


(Where BIAS = 20,)- 


Description: CONDITIONAL RELATIVE BRANCH if Interrupt Request. 


If the INTERRUPT REQUEST FLAG (INTRQ) equals "1," then the program will 
branch to the target location "disp." 


This instruction can be used in conjunction with a succeeding INTA 
instruction (see I/O group) to identify the interrupting I/O device. 


BION BRANCH ON I/O DATA READY FLAG NON-ZERO 
Assembler 
Format: BION disp 
Effect: If IODRDY (DA) = 1, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20.) - 


Description: CONDITIONAL RELATIVE BRANCH is I/0 Device Ready. 
If the L/O DATA READY FLAG (IODRDY) of the I/O device specified by the 


I/O DEVICE ADDRESS REGISTER (DA) is "1," then the program will branch 
to the target location "disp." 
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BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 32 


VALUE 


5 BIOZ BRANCH ON I/O DATA READY FLAG ZERO 


Assembler 
Format: BIOZ disp 
Effect: LE (IODRDY ,,) = 9, then (PSA) + (DISP - BIAS)>PSA 


(Where BIAS = 20,). 


~ 


Description: CONDITIONAL RELATIVE BRANCH if 1/0 Device not ready. 


If the I/O DATA READY FLAG (IODRDY) of the I/0 DEVICE specified by the 
I/O DEVICE ADDRESS REGISTER (DA) equals "0," then the program will 
branch to the target location "disp." 


6 BRANCH ON FLOATING POINT ERROR 
Assembler 
Format: BFPE disp 
Effect: If OVF, UNF, or DIVZ = "1", then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20,) - 


Description: CONDITIONAL RELATIVE BRANCH if Floating Point Error. 


The OVERFLOW (OVF), UNDERFLOW (UNF), and DIVIDE BY ZERO (DIVZ), FLAGS 
(bits 0, 1, 2 of the APSTATUS REGISTER) are tested. If any of the 


three flags = "1," then a branch will occur to the target location 
"disp." 


B= 7d 


BRANCH GROUP (BRANCH) 


23 24 25 26 27 28 29 30 31 


VALUE 
7 | RETURN RETURN FROM SUB-ROUTINE 
Assembler 
Format: RETURN 
: ; (SRA) -1>SRA 
BESSCES (SRS.2,)7 PSA; ( ) 


Description: UNCONDITIONAL RETURN JUMP. 


The address contained in the "last~-in" position of the SUB-ROUTINE 
RETURN STACK (SRS) is forced into the PROGRAM SOURCE ADDRESS REGISTER 
(PSA) and the program branches to that program location. 


The SUB-ROUTINE ADDRESS POINTER REGISTER (SRA) is then decremented by 
"1," and will point to the next "last-in" SUB-ROUTINE ADDRESS in event 
of another RETURN instruction. RETURN effects a "RETURN" from the last 
SUB-ROUTINE call. 


NOTE: Two or more RETURNS may not be executed in time sequential 
instructions. There must be at least one instruction cycle between the 
last RETURN instruction and the next one, e.g., the following coding 
example is illegal in that it results in having the visible RETURN 
instruction execute immediately after the RETURN instruction in "sub" 
that brings the processor back to this level. 


illegal code: JSR sub 
RETURN 
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BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 31 


VALUE 


10 


BFEQ BRANCH on FLOATING ADDER EQUAL ZERO 
Assembler 
Format: BFEQ disp 
Example: BFEQ .-3 
Effect: If FA = 0.0, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20,). 


Description: CONDITIONAL RELATIVE BRANCH if FA equal to zero. 


BFEQ will cause a PROGRAM BRANCH if the FLOATING ADDER Result (FA) 
available during the previous instruction was equal to 0.0. This 
instruction tests the FZ FLAG (bit 3 of APSTATUS) as set by the 
previous instruction. If FZ is equal to "1," (i.e., FA during the last 


instruction was equal to 0.0), then the program will branch to the 
target location "disp." 
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VALUE 


an 


BRANCH GROUP (BRANCH) 


23 24 25 26 27 28 29 30 31 
com | se 


BFNE BRANCH on FLOATING ADDER NOT EQUAL to ZERO 
Assembler 
Format: BFNE disp 
Example: BFNE HELP+6 
Effect: If FA # 0.0, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20.) - 


Description: CONDITIONAL RELATIVE BRANCH if FA not equal to zero. 


BFNE will cause a PROGRAM BRANCH if the FLOATING ADDER Result for the 
previous instruction was not equal to 0.0. This instruction tests the 
FZ flag (bit 3 of APSTATUS) as set by the previous instruction. If FZ 
equals "0" (i.e., FA for the last instruction was not equal to 0.0), 
the branch will occur to the target location "disp." 
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BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 31 


VALUE 


BRANCH on FLOATING ADDER GREATER or EQUAL to ZERO 


Assembler 
Format: BFGE disp 
Effect: If FA>0O.0, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20.) - 


Description: CONDITIONAL RELATIVE BRANCH if FA greater than or equal 
to zero. 


BFGE will cause a PROGRAM BRANCH if the FLOATING ADDER Result (FA) for 
the previous instruction was greater than or equal to 0.0. 


This instruction tests the condition of the FLOATING ADDER NEGATIVE 
(FN) FLAG (bit 4 of APSTATUS) as set by the previous instruction. 
If FN equals "0," (indicating that FA was not negative, i.e., greater 


than or equal to zero, during the last instruction tycle), a branch 
will occur to the TARGET ADDRESS "disp." 
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BRANCH GROUP (BRANCH) 


23 24 25 26 27 28 29 30 31 


VALUE 


BFGT BRANCH on FLOATING ADDER GREATER THAN ZERO 
Assembler 
Format: BFGT disp 
Effect: If FA>0O.0, then (PSA) + (DISP - BIAS)~* PSA 


(Where BIAS = 204) 


Description: CONDITIONAL RELATIVE BRANCH if FA greater than zero. 


BFGT will cause a PROGRAM BRANCH to occur if the last FLOATING ADDER 
RESULT (FA) for the previous instruction was greater than 0.0. 


The instruction tests the FLOATING ADDER ZERO (FZ) and FLOATING ADDER 
NEGATIVE (FN) flags (bits 3 and 4 of APSTATUS) as set by the previous 
instruction. 


If both flags equal "0" (indicating that FA during the last instruction 


was greater than zero), then the program will branch to the target 
location "disp." 
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BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 31 


VALUE 


14 


BEQ BRANCH on S=-PAD RESULT EQUALS ZERO 
Assembler 
Format: BEQ disp 
Effect: If SPFN = 9, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20,)- 


Description: CONDITIONAL RELATIVE BRANCH if SPFN equals zero. 


BEQ will cause a PROGRAM BRANCH if the result of the last S-PAD 
operation (SPFN) was equal to zero. 


This instruction tests the S-PAD ZERO FLAG (Z) (bit 5 of APSTATUS) as 
set by the previous instruction. If Z equals "1" (indicating that SPFN 


of the last S-PAD operation was equal to zero), then a branch will 
occur to the target location "disp." 


B= 77 


BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 31 


VALUE 


15 


BRANCH on S-PAD RESULT NON-ZERO 


Assembler 
Format: BNE disp 
Effect: — If SPFN # @, then (PSA) + (DISP + BIAS)> PSA 


(Where BIAS = 20,) - 


Description: CONDITIONAL RELATIVE BRANCH if SPFN not equal to zero. 


BNE will cause a PROGRAM RELATIVE BRANCH if the result of the last 
previous S-PAD operation (SPFN) was not equal to 0. 


The instruction tests the S-PAD ZERO FLAG (Z) (bit 5 of APSTATUS) as 
set by the previous instruction. If Z equals "0" (indicating that SPFN 
of the last S-PAD operation was not equal to zero), then a branch will 
occur to the target location "disp." 
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BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 31 


VALUE 


BRANCH on S-PAD RESULT GREATER or EQUAL to ZERO 


Assembler 
Format: BGE disp 
Effect: If SPFN>@Z, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20,)- 


Description: CONDITIONAL RELATIVE BRANCH if SPFN greater than or equal 
to zero. 


BGE will cause a PROGRAM BRANCH if the result of the last S-PAD 
operation (SPFN) was greater than or equal to zero. 


The instruction tests the S-PAD NEGATIVE FLAG (N) (bit 6 of APSTATUS) 
as set by the previous instruction. If N is equal to "0" (indicating 
SPFN of the last operation was zero or greater), a branch will occur to 
the target location "disp." 
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BRANCH GROUP (BRANCH) 


23. 24 25 26 27 28 29 30 31 


VALUE 


17 


BRANCH on S~PAD RESULT GREATER THAN ZERO 
Assembler 
Format: BGT disp 
Effect: If SPFN>§, then (PSA) + (DISP - BIAS)> PSA 


(Where BIAS = 20.) - 


Description: CONDITIONAL RELATIVE BRANCH if SPFN greater than zero. 


BGT will cause a PROGRAM BRANCH if the result of the last S-PAD 
operation (SPFN) was greater than zero. 


The instruction tests the S-PAD ZERO (Z) and S-PAD NEGATIVE (N) flags 
(bits 5, 6 or APSTATUS) as set by the previous instruction. If both 
flags equal "0" (indicating SPFN of last S~PAD operation was greater 
than zero), then a branch will occur to the target location "disp." 
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FLOATING ADDER GROUP (FADD) 


| 14 


15 16 17 18 19 20 22 


roel 


oot 


MANDATORY FIELDS 
OPTIONAL FIELDS 


DISABLED FIELDS 


See FADD] field. 


FSUBR FLOATING~POINT SUBTRACT REVERSE; 


A2 minus Al. 


Assembler 
Format: FSUBR < Al, A2 > (< > indicates optional fields) 
Effect: (A2) - (Al) 


FSUBR TM,MD 


Description: FSUBR reverses the order of operands in a FLOATING-POINT 
SUBTRACTION. The contents of Al REGISTER (Al) undergo a FLOATING-POINT 
SUBTRACTION from the contents of A2 REGISTER (A2). 


The NORMALIZED, CONVERGENTLY~ROUNDED RESULT is available as the 
FLOATING-ADDER OUTPUT (FA) one cycle after the next FADDR- group 
instruction is initiated. (See FADDR SUMMARY.) 


FSUB FLOATING~POINT SUBTRACT; Al minus A2. 
Assembler 
Format: FSUB < Al, A2 > 
Effect: (Al) - (A2) 


Description: The contents of A2 REGISTER (A2) undergo a FLOATING-POINT 
SUBTRACTION from the contents of Al REGISTER (Al). 


The NORMALIZED, CONVERGENTLY-ROUNDED RESULT becomes available as the 
FLOATING ADDER OUTPUT (FA) one cycle after the next FADDR group 
instruction is initiated. (See FADDR SUMMARY.) 


BEo- 8] 


LOATING ADDER GROUP (FADD) 


14 15 16 17 18 19 20 21 22 


YM 
TL 


= MANDATORY FIELDS 


OPTIONAL FIELDS 


Ha 
Wi, DISABLED FIELDS 


UE 


3 FADD FLOATING-POINT ADD; Al plus A2. 


Assembler 
Format: FADD < Al, A2 > 
Effect: (Al) + (A2) 


Description: The contents of Al REGISTER undergo a FLOATING-POINT 
ADDITION with the contents of A2 REGISTER. 


The NORMALIZED, CONVERGENTLY-ROUNDED RESULT becomes available as_ the 


FLOATING ADDER OUTPUT (FA) one cycle after the next FADDR group 
instruction is initiated. (See FADDR SUMMARY.) 


E- a9 


FLOATING ADDER GROUP (FADD) 


14 


15 16 17 18 19 20 21 2 


he MANDATORY FIELDS 


OPTIONAL FIELDS 


Wh DISABLED FIELDS 


FEQV FLOATING-POINT LOGICAL EQUIVALENCE; 
Al with A2. 
Assembler 
Format : FEQV < Al, A2 > 
Effect: ‘(Al) XOR (A2) 


Description: The MANTISSAS of Al and A2 are compared for EQUIVALENCE 
in the following manner: 


Following the arithmetic right-shift of the MANTISSA corresponding to 
the smaller EXPONENT, the MANTISSAS of Al and A2, including the three 
bits of residue, undergo a "bit by bit" comparison. When corresponding 
bits of Al and A2 are equal; (i.e., both "0"s or both "1"s), a "1" is 
written into the corresponding bit of the RESULT. All other 
combinations result in a "0" being written. 


The NORMALIZED, CONVERGENTLY-ROUNDED RESULT of this logical operation 


becomes available as the FLOATING ADDER OUTPUT (FA) one cycle after the 
next FADDR group instruction is initiated. (See FADDR SUMMARY.) 
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XOATING ADDER GROUP (FADD) 


14 #15 16 17 18 19 20 21 22 


a MANDATORY FIELDS 
OPTIONAL FIELDS 


Wh DISABLED FIELDS 


(7 


5 FAND FLOATING-POINT AND; Al, A2. 


Assembler 
Format: FAND < Al, A2 > 


Effect: (Al) and (A2) 


Description: The MANTISSAS of Al and A2 are logically ANDED in the 
following manner: 


Following the arithmetic right~shift of the MANTISSA corresponding to 
the smaller EXPONENT, the MANTISSAS of Al and A2 undergo a “bit by bit" 
comparison. When corresponding bits of Al and A2 both equal "1," then 
a "1" is written into the corresponding bit position of the RESULT. 
All other combinations result in a "0" being written. 


The NORMALIZED, CONVERGENTLY-ROUNDED RESULT of this logical operation 
becomes available as the FLOATING ADDER OUTPUT (FA) one cycle after the 
next FADDR group instruction is initiated. (See FADDR SUMMARY.) 
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FLOATING ADDER GROUP (FADD) 


JALUE 


14 #15 16 17 18 19 20 21 


le MANDATORY PIELDS 
OPTIONAL FIELDS 


Al 


UY fexons//f 
Ee LLL 


DISABLED. FIELDS 


FLOATING-POINT OR; Al or A2. 


Assembler 
Format: FOR < Al, A2 > 
Effect: (Al) OR (A2) 


Description: The contents of Al and A2 are ORed in the following 
manner: 


Following the arithmetic right-shift of the MANTISSA corresponding to 
the smaller EXPONENT, the MANTISSAS of Al and A2, including the three 
bits of residue, undergo a "bit by bit" comparison. When either or 
both corresponding bits of Al and A2 equal "1," a "1" is written into 
the corresponding bit position of the RESULT. When neither 
corresponding bit is equal to "1," a "0" is written. 


The NORMALIZED and CONVERGENTLY-~ROUNDED RESULT of this logical 
operation becomes available as the FLOATING ADDER OUTPUT (FA) one cycle 
after the next FADDR group instruction is initiated. (See FADDR 
SUMMARY. ) | 
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FLOATING ADDER GROUP (FADD) 
14 15 16 17 18 19 20 21 22 


| | MANDATORY FIELDS 
OPTIONAL FIELDS 


/ 
i DISABLED FIELDS 


No-operation. 


FIX FIX A2 to an INTEGER (result rounded) 
Assembler 
Format: FIX <A2> (< > indicates optional field) 
Bftece: Convert (A2) to a 28-Bit Two's Complement integer. 
Example: FIX MD 


Description: The contents of A2 are FIXED to an integer in the 
following manner: 


1) An exponent of 28 (apparent value = 1034[octal]) is forced into Al(EXPONENT). 
Al(MANTISSA) = 0. A2 contains the selected argument to be 
FIXED.t 


2) The EXPONENTS of the operands are compared and the MANTISSA 
corresponding to the smaller EXPONENT is arithmetically right- 
shifted the number of positions that reflect the difference in 
the two EXPONENTS. The aligned MANTISSAS are then algebraically 
added producing a PRELIMINARY-RESULT along with the larger of 
the two input exponents. 


3) The PRELIMINARY~RESULT (EXPONENT) is decremented by "1" and the 
PRELIMINARY~RESULT(MANTISSA) is correspondingly left-shifted 
one position while preserving the MANTISSA-SIGN. 


4) The PRELIMINARY-RESULT is then CONVERGENTLY-ROUNDED and becomes 
available as FA one cycle after the next FADDR group instruction 
is initiated. (See FADDR SUMMARY. ) . 


If the TRUE-VALUE of A2(EXPONENT) was in a range of 1 to 27, then the 
TRUE-VALUE of the RESULT (EXPONENT ) will be Zt 
(APPARENT-VALUE=1033[octal] or 539). If RESULT (MANTISSA) is<2(-28), 
then a FLOATING~-POINT ZERO is forced as the result. 


+The TRUE-VALUE of A2(EXPONENT) must not exceed +27. 
(APPARENT~VALUEX<1033(octal). If the TRUE-VALUE of A2(EXPONENT }728, the 
following RESULT will be obtained: 


RESULT (EXPONENT )=A2 (EXPONENT )minus yet RESULT (MANTISSA-SIGN)=A2 
(MANTISSA-SIGN), 


RESULT(MANTISSA Bits 01-26)=A2(MANTISSA Bits 02-27);RESULT (MANTISSA 
Bit 27)=0. 


FLOATING ADDER GROUP (FADD) 


14 #15 16 17 18 19 20 21 22 


Ed MANDATORY FIELDS 
OPTIONAL FIELDS 


i 
Wp, DISABLED FIELDS 


VALUE 
2 FIXT FIX and TRUNCATE A2 to an INTEGER 
Assembler 
Format: FIXT <A2> 
Effect: Convert (A2) to a 28-Bit Two's Complement INTEGER; TRUNCATE 
(sign magnitude) 
Example: FIXT DPX(3) 


Description: The contents of A2(MANTISSA) are FIXED to an integer and 
the RESULT is TRUNCATED in the following manner: 


1) Current SPFN(Bits 06-15) plus BIAS are forced into Al(EXPONENT). 
A1(MANTISSA)=0 . A2 contains the selected argument to be 
FIXED.T 


2) The EXPONENTS of the operands are compared and the MANTISSA 
corresponding to the smaller EXPONENT is arithmetically right- 
shifted the number of positions that reflect the difference in 
the two EXPONENTS. The aligned MANTISSAS are then algebraical- 
ly added producing a PRELIMINARY-RESULT. 


3) The PRELIMINARY-RESULT(EXPONENT) is decremented by "1" and 
the PRELIMINARY-RESULT(MANTISSA) is correspondingly left- 
shifted. (This operation preserves the MANTISSA-SIGN fol- 
lowing an internal sign-extension operation). 


4) The Truncation truth table logic is enabled for this 
operation (see Floating Point Arithmetic theory) and a 
TRUNCATED RESULT becomes available as FA one cycle after 
the next FADDR group instruction is initiated. (See 
FADDR SUMMARY. ) 


If the TRUE-VALUE of A2(EXPONENT) was in a range of 1 to 27, then the 
TRUE-VALUE of the RESULT (EXPONENT ) will be 27 
(APPARENT-VALUE=1033[octal] or 539). If RESULT(MANTISSA) is<2(-27), 
then a FLOATING-POINT ZERO is forced as the result. 


+TRUE-VALUE of A2(EXPONENT) must not exceed +27. (APPARENT-VALUE 539). 
If TRUE-VALUE of A2(EXPONENT) 28, the following RESULT will be 
obtained: 


RESULT (EXPONENT ) =A2 (EXPONENT ) minus Gh ae RESULT (MANTISSA=SIGN) =A2 (MANTISSA-SIGN), 
RESULT(MANTISSA Bits 01-26)=A2(MANTISSA Bits 02-27);RESULT(MANTISSA Bit 27)=0. 


ad 


FLOATING ADDER GROUP (FADD) 


14°6415 16 17° 


18 #19 20 21 22 
OTT L 


VALUE 
3 FSCLT FLOATING-POINT SCALE of A2; TRUNCATE 
Assembler 
Format: FSCLT A2 
Effect: Shift A2 a right and increment 
EXPONENT 


(A2 ) until A2,, = (SPFN + BIAS) - 1; 


result TRUNCATED.Converts an FPN to a 28-Bit Two's 


Complement integer within a dynamic range of 2/27. 


Description: The contents of A2(MANTISSA) are SCALED in the following 
manner: 


1) Current SPFN(Bits 06-15) plus BIAS(=512) are forced into 
A1(EXPONENT). Al(MANTISSA)=OT. A2 contains the selected argument 
to be SCALED.Tt 


2) The EXPONENTS of the operands are compared and the MANTISSA 
corresponding to the smaller EXPONENT is arithmetically right- 
shifted the number of positions that reflect the difference in 
the two EXPONENTS. The aligned MANTISSAS are then algebraically 
added producing a PRELIMINARY-RESULT. 


3) The PRELIMINARY-RESULT (EXPONENT) is decremented by "1" and 
the PRELIMINARY-RESULT(MANTISSA) is correspondingly left- 
shifted. (This operation preserves the MANTISSA=SIGN following 
an internal sign-extension operation). 


4) The CONVERGENT-ROUNDING logic is inhibited for this operation 
and a TRUNCATED RESULT becomes available as FA one cycle after 


the next FADDR group instruction is initiated. (See FADDR 
SUMMARY). 


If the TRUE-VALUE OF A2(EXPONENT) was in a range of 1 to 27, then the 
TRUE-VALUE of the RESULT (EXPONENT ) will be 27 
' (APPARENT-VALUE#1033[octal] or 539). If RESULT(MANTISSA) is<2(-28), 
then a FLOATING-POINT ZERO is forced as the result. 


tCurrent SPFN(Bits 06-15) must equal maximum A2 Exponent plus 
"1" in order to obtain a correct result from this operation. 
tt TRUE“VALUE of A2(EXPONENT) must not exceed the value of cur- 
rent SPFN minus "1." If it does, the result obtained will be 
the same as in the case of FIX or FIXT when A2(EXP)2 28. . 
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FLOATING ADDER 1 FIELD (FADD) 


14 15 16 17 18 19 20 21 22 


Ro MANDATORY FIELDS 
a OPTIONAL FIELDS 


VY, 
Yy DISABLED FIELDS 


VALUE 
4 FSM2C FORMAT-CONVERSION; A2 from SIGNED- 
MAGNITUDE to TWO'S COMPLEMENT? 
Assembler 
Format: FSM2C A2 
Effect: Converts (A2) from SIGNED~-MAGNITUDE to 
TWOS-COMPLEMENT. 
Description: The contents of A2 REGISTER are converted from 


SIGNED-MAGNITUDE to TWOS-COMPLEMENT format in the following manner: 

1) If A2(MANTISSA) is negative, then A2(MANTISSA bit 00) 
(MANTISSA-SIGN) remains unchanged while A2(MANTISSA Bits 01-27) 
undergo a TWOS-COMPLEMENT conversion. 

2) If A2(MANTISSA)is positive, A2(MANTISSA) is unchanged. 

The normalized RESULT becomes available as the FLOATING ADDER OUTPUT 
(FA) one cycle after the next FADDR group operation. This operation 
can result in Floating Point underflow if the exponent is large and 
negative and the mantissa unnormalized. (See FADDR SUMMARY). 


+See FLOATING-POINT THEORY, Types of notation. 


This operation can result in FLOATING-POINT underflow if the exponent 
is large and negative and the mantissa unnormalized. 


E- 89 


FLOATING ADDER 1 FIELD (FADD) 


14 15 16 17 18 19 20 21 22 


 // an 
eae 
LLL 


ns MANDATORY FIELDS 
me OPTIONAL FIELDS 


VY); 
YY, DISABLED FIELDS 


"ALUE 


F2CSM FORMAT CONVERSION; A2 from TWOS- 
COMPLEMENT to SIGNED-MAGNITUDE. t 


Assembler 
Format: F2CSM A2 - 
Effect: Convert (A2) from TWOS-COMPLEMENT 


to SIGNED-MAGNITUDE. 


Description: The contents of A2 REGISTER are converted to 
SIGN-MAGNITUDE format in the following manner: 


1) If A2(MANTISSA)is positive, A2(MANTISSA)is unchanged. 

2) If A2(MANTISSA)is negative, then A2(MANTISSA Bit 00) 
(MANTISSA-SIGN) remains unchanged while A2(MANTISSA Bits 01-27) 
undergo a TWOS-COMPLEMENT conversion. 

The normalized and convergently rounded RESULT becomes available as the 
FLOATING ADDER OUTPUT (FA) one cycle after the next FADDR group 


instruction is initiated. (See FADDR SUMMARY). Both underflow and 
overflow are possible as a result of this operation. 


+ See FLOATING-POINT SUMMARY, Types of Notation 
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FLOATING ADDER 1 FIELD (FADD) 


14 #15 16 17 18 19 20 22 22 


ie MANDATORY FIELDS 
OPTIONAL FIELDS 


4 
Vy, DISABLED FIELDS 


VALUE 
6 FSCALE FLOATING-POINT SCALE of A2 (rounded result) 
Assembler 
Format: Shift (A2 peeer) right and increment 
: EXPONENT 
(ao MEONENTD: onee). AQ Oe &. (SEN) 
+ BIAS -1 


Description: The contents of A2 are SCALED in the following manner: 


1) 


2) 


3) 


4) 


Current SPFN(Bits 06-15)plus BIAS(=512)are forced into 
A1(EXPONENT). Al(MANTISSA)=0T. A2 contains the selected argument 
to be SCALED. tt 


The EXPONENTS of the operands are compared and the MANTISSA 
corresponding to the smaller EXPONENT is arithmetically right- 
shifted the number of positions that reflect the difference 

in the two EXPONENTS. The aligned MANTISSAS are then algebra~ 
ically added producing a PRELIMINARY-RESULT. 


The PRELIMINARY-RESULT (EXPONENT )is decremented by "1" and 
the PRELIMINARY-RESULT(MANTISSA)is correspondingly left- 
shifted. (This operation preserves the MANTISSA-SIGN fol- 
lowing an internal sign-extension operation). 


The PRELIMINARY-RESULT is then CONVERGENTLY-ROUNDED and 
becomes available as FA one cycle after the next FADDR group 
instruction is initiated. (See FADDR SUMMARY.) 


If RESULT(MANTISSA)is < 2(-28), then a FLOATING-POINT ZERO is forced as 
the result. 


+Current SPFN(Bits 06-15)must equal maximum plus "1" 
in order to obtain a correct result from this operation. 


t+ TRUE~VALUE OF A2(EXPONENT) must not exceed the value of 


current SPFN minus "1." 
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FLOATING ADDER 1 FIELD (FADD) 


J 


14 15 16 17 18 19 20 21 22 


= MANDATORY FIELDS 
OPTIONAL FIELDS 


a 
Wp, DISABLED FIELDS 


FABS FORMAT CONVERSION; A2 to ABSOLUTE VALUE. 
Assembler 
Format: FABS A2 
Effect: (A2) > ABSOLUTE VALUE 


Description: The contents of A2 are converted to ABSOLUTE VALUE format 


in the following manner: 


1) If A2(MANTISSA)is positive, A2(MANTISSA) is unchanged. 
A2 becomes the PRELIMINARY RESULT. 


2) If A2(MANTISSA)is negative, then A2(MANTISSA Bits 00-27) 
undergo a TWOS~COMPLEMENT conversion. (See FLOATING~POINT 
SUMMARY -- Types of Notation). 


The PRELIMINARY RESULT is then normalized and CONVERGENTLY-ROUNDED 


and 


becomes available as FA one cycle after the next FADDR group 


instruction is initiated. (See FADDR SUMMARY). Both overflow 
underflow are possible as a result of this operation. 
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and 


FLOATING-ADDER GROUP (A1) 


14 $15 16 171418 19 20 21 22 


zz MANDATORY FIELDS 
OPTIONAL FIELDS 


i 
YY, DISABLED FIELDS 


FLOATING ADDER REGISTER INPUT SUMMARY 


Al 
VALUE 
NO CHANGE: The contents of Al during the last FADDR 
B NG operation are used as the Al REGISTER OPERAND. 
Assembler 
Format: FADD NC, <A2>Note: If no Al operand is specified, 
NC is implied. 
Effect: Al is unaltered from previous operation. 
1 eM The current FLOATING-MULTIPLIER OUTPUT (FM) is the 
Al REGISTER OPERAND. 
Assembler | 
Format: FSUB FM, <A2> 
Effect: (FM) > Al 
> | DPX (idx) DATA PAD X (DPA + XR -4) is the Al REGISTER OPERAND. 
, 
Assembler 
Format: FSUBR DPX (idx), <A2> 
Effect: [DPX ] >+Al 


(DPA + XR -4) 


j is Al REGISTER OP ° 
3 a ca DATA PAD Y (DPA + YR -4) dk; SA. OPERAND 


Assembler 
Format: FOR DPY (idx), <A2> 
Effect: [DPY ]> Al 


(DPA + YR -4) 
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Assembler 
Format: 


Effect: 


Assembler 
Format: 


Effect: 


The current contents of the TABLE MEMORY REGISTER 
(TMREG) is the Al REGISTER OPERAND (See MEMORY 
GROUP SUMMARY - TM) 


FAND T, <A2> 


(TMREG) > Al 


FLOATING-POINT ZERO (C.0) is the Al REGISTER 
OPERAND. ; 


FEQV ZERO, <A2> 


0.0 > Al 
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FLOATING ADDER GROUP 


14 15 16 17 18 19 20/21 22 


Assembler 
Format: 


Effect: 


Assembler 
Format: 


Effect: 


DPX (idx) | 


Assembler 
Format: 


Effect: 


DPY (idx) | 
[ 


Assembler 
Format: 


Effect: 


ie MANDATORY FIELDS 


ma OPTIONAL FIELDS 


WH} DISABLED FIELDS 


FLOATING ADDER REGISTER INPUT SUMMARY 


A2 


The contents of A2 during the last FADDR operation 
are used as the A2 REGISTER operand. 


FADD <Al>, NC 


(A2) is unaltered from previous operation. 


The current FLOATING ADDER OUTPUT (FA) is the A2 
REGISTER operand. 


FIX FA 


(FA) > A2 


DATA PAD X is the A2 REGISTER 


(DPA + XR -4) 
operand. 


FSCLT DPX (idx) 


[DPX ] > A2 


(DPA + XR -4) 


DATA PAD Y is the A2 REGISTER 


(DPA + YR -4) 
operand. 


FABS DPY (idx) 


[DPx J] > A2 


(DPA + YR -4) 
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The current contents of the MAIN DATA MEMORY OUTPUT 
MD REGISTER (MDREG) are used as the A2 REGISTER operand. 
(See MEMORY GROUP SUMMARY - MD). 


Assembler 
Format: F2CSM MD 
Effect: (MDREG) ~> A2 
ZERO FLOATING POINT ZERO (0.0) is the A2 REGISTER operand. 
Assembler 
Format: FADD <A1>, ZERO 
Effect: 0.0 > A2 
MDPX (idx) "Split-word" transfer to A2. (mantissa of DPX) 
(1) The SPAD FUNCTION (SPFN) plus the BIAS-VALUE 
(512) forms the EXPONENT portion of the A2 
OPERAND. 
(2) The MANTISSA portion of DATA PAD X (ppa + XR -4) 
forms the MANTISSA portion of the A2 OPERAND. 
Assembler 
Format: FSUB <Al>, MDPX (idx) 
Effect: (Sin +516 Sao Oe, 
MANTISSA 
> 
[DPX (ppa + xr -4)] 7 4? 
EDPX (idx) " Split-word" transfer to A2. (exponent of DPX) 


(1) The EXPONENT of DATA PAD X forms 


(DPA + XR -4) 
the EXPONENT portion of the A2 OPERAND. 


(2) The 2 least-significant bits of SPAD FUNCTION 


. MANTISSA 
(SPFN bits 14,15) are put into A2 


bits @@, Ol. The remainder of A2 Tdosh is 


zeroed. 
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EDPX (idx) is used to generate either a 


+4 or -1 MANTISSA value. 


Assembler 
Format: FSUBR <Al>, EDPX (idx) 
EXPONENT EXPONENT 
° -> . 
Effect: [DPX (pa + XR <4) ] + a2 
MANTISSA |. 
(SPFN, stg 14, 15) 7 A2 bits ££, Ol; 
Gs > A2 pEeee bits 01-27. 


Bs O7 


FLOATING MULTIPLIER GROUP 


51 52 53 54 59 = MANDATORY FIELDS 


OPTIONAL FIELDS 


DISABLED FIELDS 


No Operation 


FMUL FLOATING POINT MULTIPL 
Assembler + 
Format: FMUL <M1,M2> 
Effect: (M1) a (M2) 


Description: A FLOATING POINT MULTIPLY (FMUL) is initiated using the 
operands selected by the Ml and M2 fields. | 

The CONVERGENTLY-ROUNDED result becomes available as FM 1 cycle after 
it has been "pushed" through the 3 stage pipeline by two subsequent FMUL 
operations. (See, FMULR SUMMARY). 


+ 
i 


Ml and M2 operands need not be specified if a "dummy" is desired. 
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Ml REGISTER SUMMARY 


Assembler 


L | DPX (idx) 


Assembler 


Assembler 
Format: 


Effect: 


MANDATORY FIELDS 


OPTIONAL FIELDS 


YL, WH) DISABLED FIELDS 


FLOATING MULTIPLIER OUTPUT is the Ml REGISTER OPERAND 


FMUL FM KM2> 
(FM) > Ml 


DATA PAD X is the ML REGISTER OPERAND 


FMUL DPX (idx) ,<M2> 


(DPX oe ML 


(DPA + idx) 


DATA PAD Y is the Ml REGISTER OPERAND 


FMUL DPY (idx) <mM2> 


(DPY ) > M1 


(DPA + idx) 


TABLE MEMORY OUTPUT REGISTER is the Ml REGISTER OPERAND 


FMUL TM,<M2> 
(TMREG) > Ml 
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VALUE 


M2 REGISTER SUMMARY 


51 52 53 54 {55 MANDATORY FIELDS 


OPTIONAL FIELDS 


FA FLOATING ADDER OUTPUT is the M2 REGISTER INPUT 


FMUL<M1>,FA 


(FA) > M2 


DPX (idx) DATA PAD X as M2 REGISTER INPUT 


FMUL<M1>, DPX (idx) 


o 30 Ms A 8 
8 8B a 88 
ae ee fj ee oo - 
0) @ 
Ns K 


(DPX ) > M2 


(DPA + idx)’. 


DPY (idx) DATA PAD Y is the M2 REGISTER INPUT 


Assembler 


FMUL <M1>, DPY (idx) . 


t hy 
in i 
@ 

Q ie) 
ct ct 


~> 
(DPY (npn + idx)? * ™? 
MD MAIN DATA MEMORY REGISTER is the M2 REGISTER INPUT 
Assembler 
Format: FMUL<M1>, MD 
Effect: (MDREG) > M2 
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LOAD REGISTER FIELD (LDREG) 


14 (#15 16. Yip 18 Yy, Yj 21 22 


| | MANDATORY FIELDS 


| OPTIONAL FIELDS 


Y, DISABLED FIELDS 


VALUE 
g No Operation 
1 LOAD S-PAD DESTINATION ADDRESS 
Assembler 
Format: LDSPD 
Example: LDSPD;DB=DPX(~3) 
Effect: (pppgMANTISSA y its 24-27)> SPD 


Description: DPBS(MANTISSA)bits 24-27 replace the contents of the 
four-bit S-PAD DESTINATION ADDRESS REGISTER (SPD) as of the next 
instruction cycle. . 


NOTE: A current S-PAD operation is unaffected by this instruction. 


However, if an S-PAD operation is executed on the next instruction 
cycle, the assembled S~PAD DESTINATION ADDRESS (SPD) to be used in the 


S~PAD operation will be replaced with the contents of SPD produced as a 
result of this instruction. 


LOAD MEMORY ADDRESS from the DATA PAD BUS; 
INITIATE A MEMORY CYCLE 


Assembler 
Format: LDMA 

Example: LDMA;DB=DPX(-1) 
Effect: (pppgMANTISSA its 12-27) >MA 


Description: DPBS(LOW MANTISSA) bits 12-27 are loaded into the MAIN 
DATA MEMORY ADDRESS REGISTER (MA) effective as of the next instruction 
cycle. A MAIN DATA (MD) MEMORY cycle is initiated using the new 
contents of MA. (See MEMORY GROUP SUMMARY. ) 


NOTE: This op~code supersedes INCMA and DECMA in the same instruction. 


It makes SETMA redundant since it would now load from DB instead of 
SPFN due to the use of the LDREG field. 
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LOAD REGISTER FIELD (LDREG) 


VALUE 


3 


20. 2). 22 
t/ 


WM LLL 


|| MANDATORY FIELDS 


ie OPTIONAL FIELDS 


Y DISABLED FIELDS 


| ume | LOAD TABLE MEMORY ADDRESS from DATA PAD BUS 


Assembler 
Format: LDTMA 

Example: LDTMA ; DB=DPY (-4) 
Effect: (DPBS TISSA bits 12-27)> TMA 


Description: The DATA PAD BUS(LOW MANTISSA) (DPBS [MANTISSA]bits 12-27) 


is loaded into the TABLE MEMORY ADDRESS REGISTER (TMA) effective as of 
the next instruction cycle. 


Two cycles later the contents of the TABLE MEMORY location specified by 
the two new contents of TMA will become available as the contents of 
TABLE MEMORY OUTPUT REGISTER (TMREG). 


NOTE: This op-code supersedes INCTMA and DECTMA in the 


same 
instruction. It makes SETTMA redundant. 


LDDPA LOAD DATA PAD ADDRESS from DATA PAD BUS 
Assembler 
Format: LDDPA 


Example: LDDPA;DB=DPX (3) 


Effect: (pppgMANTISSA 1 i+s5 21-27)>DPA 


Description: The contents enabled onto the DATA PAD BUS(MANTISSA)bits 
12-27 are loaded into the DATA PAD ADDRESS REGISTER (DPA). The change 
in DPA is effective as of the next instruction cycle. 


NOTE: LDDPA supersedes INCDPA and DECDPA- It makes SETDPA redundant. 
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VALUE 


5 


14 15 16 17 18 19 20 24 22 


LOAD REGISTER FIELD (LDREG) 


= MANDATORY FIELDS 


LY LLU 


i OPTIONAL FIELDS 
i/ 
Y, DISABLED FIELDS 


| ue | LOAD S-PAD DESTINATION REGISTER from DATA PAD BUS 


Assembler 
LDSP 
Format: 
Example: LDSP;DB=VALUE 
Effect: (ppBsMANTISSA bits 12-27)+SP 
SPD 
Description: The data currently enabled onto the DATA PAD 


BUS(MANTISSA)bits 12-27 are loaded into SP(SPD). 


SPD is selected either via current S-PAD operation or a preceding 
LDSPD. 


NOTE: LDSP supersedes LDSPNL, LDSPE and LDSPT. It makes LDSPI 
redundant. However, one of these op~codes could be used to select SPD 


if the immediately preceding instruction was not an LDSPD. 


When combined with an S-PAD operation, LDSP results in the inclusive OR 
of SPFN and DPBS[MANTISSA](12-27) being written into SP(SPD). 


avs | LOAD APSTATUS REGISTER from DATA PAD BUS 


Assmebler 
Format: LDAPS 
Example: LDAPS ;DB=DPY (2) 
Effect: (pppgMANTISSA 5 its 12-27) -- APSTATUS 
Description: The data currently enabled onto the DATA PAD 


BUS(MANTISSA) bits 12-27 are loaded into the APSTATUS REGISTER 
(APSTATUS). The new contents of APSTATUS may be tested. Two cycles 
later, i.e., at least one cycle must intervene between the LDAPS and a 
related test. Refer to the 1/0 Group Summary for a _ complete 
description of the effects of LDAPS. 
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LOAD REGISTER FIELD (LDREG) 


14 (15 1s. Wy 18 19 20 2122 


ie MANDATORY FIELDS 


ee OPTIONAL FIELDS 


Y, DISABLED FIELDS 


OCTAL 
VALUE 
7 LOAD DEVICE ADDRESS from DATA PAD BUS. 
Assembler 
Format: LDDA 
Example: LDDA;DB=VALUE 
Effect: The least Significant 8 bits of the data currently en- 


abled onto the DATA PAD BUS (DPBS) (DATA Pap Bus NTTSSA y54< 29-27) 
are loaded into the 8 bit DEVICE ADDRESS REGISTER (DA); effective as of 


the next instruction cycle. 
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READ REGISTER FIELD (RDREG) 


14.15 16 17 18 19 20 21 22 


YAM, 
USSU 


|| MANDATORY FIELDS 


OPTIONAL FIELDS 


¥ 
WY DISABLED FIELDS 


VALUE 
g RPSA READ PROGRAM SOURCE ADDRESS onto the PANEL BUS. 
Assembler 
Format: RPSA 
Effect: (PSA)> PNLBS 


Description: The contents of the PROGRAM SOURCE ADDRESS REGISTER (PSA) 
are enabled onto the PANEL BUS (bits 94-15). The value of PSA READ is 


the absolute address of this instruction. 


1 READ SPAD DESTINATION ADDRESS REGISTER onto the PANEL BUS. 
Assembler 
Format: RSPD 
Effect: (SPD)> PNLBS 


Description: The contents of the currently designated S-PAD DESTINATION 
ADDRESS (SPD) are enabled onto the PANEL BUS (PNLBS) (bits 12-15). 
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READ REGISTER FIELD (RDREG) 


14 15 16 17 18 19 20 21 22 


aa MANDATORY FIELDS 
f OPTIONAL FIELDS 


WY) DISABLED FIELDS 


READ MEMORY ADDRESS REGISTER onto the PANEL BUS 


Assembler 
Format: RMA 
Effect: (MA)> PNLBS 


Description: The contents of the 16-bit MEMORY ADDRESS REGISTER (MA) 
are enabled onto the PANEL BUS (PNLBS) (bits 99-15). 


| son | READ TABLE MEMORY ADDRESS onto the PANEL BUS 


Assembler 
Format: RTMA 
Effect: (TMA) > PNLBS 


Description: The contents of the 16-bit TABLE MEMORY ADDRESS (TMA) are 
enabled onto the PANEL BUS (PNLBS) (bits 00-15). 


The value read by this instruction is the contents of TMA as modified 
by the FFT and IFFT Bits in the APSTATUS Register (APSTATUS Bits 11 and 
12). If APSTATUS Bit 12 is a "0," then this instruction reads the 
unmodified contents of TMA. Thus, this instruction always reads the 
actual address being presented to TABLE MEMORY. This is distinct from 
the JMPT, JSRT, LPSLT, LPSRT, etc. op-codes in the SPEC group that 
always use the unmodified contents of TMA Register. 


E - 106 


READ REGISTER FIELD (RDREG) 


14°15 16 17 18 19 20 21 22 


z= MANDATORY FIELDS 
OPTIONAL FIELDS 


y, 
UY) DISABLED FIELDS 


VALUE 

4 RDPA READ DATA PAD REGISTER onto the PANEL BUS 
Assembler 
Format: RDPA 
Effect: (DPA)*> PNLBS 
Description: The contents of the six-bit DATA PAD ADDRESS REGISTER 
(DPA) are enabled onto the PANEL BUS (PNLBS) (bits 10-15), 
NOTE: DPA appears to be six bits wide for the purposes of LDDPA, 
SETDPA, INCDPA, DECDPA and RDPA, Only the least significant five bits 
however, are effective in addressing DATA PAD. 

5 RSPFN READ S-PAD FUNCTION onto the PANEL BUS 


Assembler 
Format: RPSFN 
Effect: (SPFN)> PNLBS 


Description: The result of the current S-PAD operation (SPFN) is enabled 
onto the PANEL BUS (bits @@-15) for this instruction cycle. 
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READ REGISTER FIELD (RDREG) 


14 (15 16 17 18 19 20 21 22 


& MANDATORY FIELDS 
OPTIONAL FIELDS 


Wy) DISABLED FIELDS 


VALUE 


6 READ APSTATUS REGISTER onto the PANEL BUS 


Assembler 
Format: RAPS 
Effect: _ (APSTATUS)+> PNLBS 


Description: The contents of the 16-bit APSTATUS REGISTER (APSTATUS) 
are enabled onto the PANEL BUS (PNLBS) (bits @@-15) during the current 


instruction cycle. 


7 | om | READ DEVICE ADDRESS onto the PANEL BUS 


Assembler 
Format: RDA 
Effect: (DA)>+ PNLBS bits 98-15; %@'s+PNLBS bits @%-97 


Description: The current contents of the eight-bit DEVICE ADDRESS 
REGISTER (DA) are enabled onto the PANEL BUS (PNLBS), bits 08-15. 


Zeros are enabled onto the remaining left-most bits of PNLBS, bits 
00-07. 
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INPUT/OUTPUT FIELD (IN/OUT) 


14 15 16 17 #18 #19 20 21 22 


MANDATORY FIELDS 


OPTIONAL FIELDS - 


YU, DISABLED FIELDS 


VALUE 
g OUTPUT to I/O DEVICE 
Assembler 
Format: OUT 
Example: DB=DPX;OUT 
Effect: | (DPBS)> INBS> I/O DEVICE (DA) 


Description: The data enabled onto the DATA PAD BUS (DPBS) during this 
instruction is enabled onto thé INPUT/OUTPUT BUS (INBS) where it becomes 
available for output te the I/O DEVICE specified by the DEVICE ADDRESS 
REGISTER (DA). 


1 SPNOUT SPIN until I/O DEVICE READY;then OUTPUT DATA 
Assembler 
Format: SPNOUT 


Example: DA=DPY(3) ;SPNOUT 


Effect: SPIN UNTIL IODRDY = 1; then, (DPBS)+> INBS> I/O DEVICE 


(DA) (DA) 


Description: First, the condition of the I/0 DATA READY FLAG (IODRDY) 
is tested. If IODRDY = 0, then a SPIN will occur. When IODRDY = il, 
the data currently enabled onto the DATA PAD BUS (DPBS) is enabled onto 


the INPUT/OUTPUT BUS (INBS) where it becomes availabie for output to 
the I/O DEVICE specified by the I/O DEVICE ADDRESS REGISTER (DA). 


NOTE: If IODRDY(DA) never equals "1", an infinite SPIN condition will 
occur. This can only be cleared by an Interface Reset. 


E - 109 


INPUT/OUTPUT FIELD (IN/OUT) 


14 15 16 17 18 19 20 21 22 


fess 


= MANDATORY FIELDS 


OPTIONAL FIELDS 


Vy, DISABLED FIELDS 


VALUE 


2 OUTPUT DATA; then SET DEVICE ADDRESS from SPFN 


Assembler 
Format: OUTDA 

Example: MOV’ 5,5;DB=DPX(=2) ;OUTDA 
Effect: (DPBS )~INBS> IODEVICE then, (SPFN)>DA 


(DA) 


Description: First, the data currently enabled onto the DATA PAD BUS 
(DPBS) is enabled onto the INPUT/OUTPUT BUS (INBS), where it becomes 
available for output to the I/O DEVICE specified by the current contents 
of the I/O DEVICE ADDRESS REGISTER (DA). 

Then, bits @8-15 of the current SPAD operation result (SPFN) are 
loaded into the 8 bit I/O DEVICE ADDRESS REGISTER; effective as of the 


next instruction cycle. 
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INPUT/OUTPUT FIELD (IN/OUT) 


14 15 16 17 18 19 20 21 22 


nr 
i _— 


|| MANDATORY FIELDS 


OPTIONAL FIELDS 


Pa 


'TALUE 


SPIN until I/O DEVICE is READY; then OUTPUT DATA; 
then SET DEVICE ADDRESS from SPFN. 


Assembler 
Format: SPOTDA . 
Example: MOV 3,3; DB=MD;SPOTDA 
Effect: SPIN until IODRDY (DA)=1; then (DPBS)>INBS >I/0O 
° ?N)>D 
DEVICE (pa) sthen (SPFN)>DA 
Description: First, the condition of the I/0 DATA READY FLAG 


(LODRDY[DA]) is tested. If IODRDY(DA)=0, then a SPIN will occur until 
IODRDY(DA)=1. When IODRDY(DA)=1, the data currently enabled onto the 
DATA PAD BUS (DPBS) is enabled onto the INPUT/OUTPUT BUS (INBS) for 
output to the I/O DEVICE specified by the current contents of the I/0 
DEVICE ADDRESS REGISTER (DA). 


Then, the eight right-most bits (bits 08-15) of the current S-PAD 
operation result (SPFN) are loaded into the I/O DEVICE ADDRESS REGISTER 


(DA); effective as of the next instruction cycle. 


NOTE: If IODRDY(DA) never equals "1", then an infinite SPIN will 
Occur. 


E- lil 


VALUE 


14°15 16 17 #+%¥8 19 20 21 22 


ERE LATIN 


INPUT/OUTPUT FIELD (IN/OUT) 


|| MANDATORY FIELDS 


EASY) 


/' OPTIONAL FIELDS 


Yy, DISABLED FIELDS 


0 


INPUT DATA from I/O DEVICE (na) 
Assembler 
Format: IN 

Example: IN;DPX(2) <DB; DB = INBS 
Effect: I/O DEVICE > INBS © 


(DA) 


Description: The data input from the I/O DEVICE specified by the 1/0 


DEVICE ADDRESS RGISTER (DA) is enabled onto the INPUT/OUTPUT BUS 
(INBS). 


NOTE: In order to be used internally by the AP-120B, the data input 
onto the INBS must be enabled onto the DPBS. This is achieved by a 
concurrent software instruction to that effect, such as in the 


assembler format example above. (Note that the assembler would equate 
the form DPX(2)<INBS to the two instructions shown above). 


SPIN UNTIL I/O DEVICE is READY; then INPUT DATA. 


Assembler 
Format: SPININ 
Example: SPININ;DPX<INBS 
: i =]; t I/O DEVICE > INBS 
Effect SPIN until TODRDY (59) 1 na (I/ Cc (pa)? 


Description: First, a SPIN is executed until the I/O DATA READY “FLAG 


(IODRDY), for the I/O DEVICE SPECIFIED by the I/0 DEVICE ADDRESS 
REGISTER (DA), is equal to "1." 


Then, (when IODRDY[DAJ=1), the data from the I/O DEVICE (DA) is enabled 
onto the INPUT/OUTPUT BUS (INBS). 


NOTE: If IODRDY (DA) never equals "1," an infinite SPIN loop will 
occur. 


E - li2 


VALUE 


Ta ST 


INPUT/OUTPUT FIELD (IN/OUT) 


14 15 16 17 #18 19 20 21 22 


|| MANDATORY FIELDS 


OPTIONAL FIELDS 


free L) Of orennso esate 


INDA INPUT DATA; then SET DEVICE ADDRESS from SPFN 
Assembler 
Format: INDA 


Example: MOV 5,5;INDA;DPY <INBS 


Effect: (I/O DEVICE )> INBS; then (SPFN)>DA. 


(DA) 


Description: First, the data input from the I/O DEVICE specified by 
the current contents of the I/O DEVICE REGISTER (DA), is enabled onto 
the INPUT/OUTPUT BUS (INBS). | 


Then, bits 08-15 of the current S-PAD operation result (SPFN) is set 
into the 1/O DEVICE ADDRESS REGISTER (DA); effective as of the next 
instruction cycle. 


B= 113 


INPUT/OUTPUT FIELD (IN/OUT) 


14 (15 16 17 #18 19 20 21 22 


|| MANDATORY FIELDS 
I OPTIONAL FIELDS 


WY, DISABLED FIELDS 


SPIN UNTIL I/O DEVICE READY; then INPUT DATA; 
SPINDA then SET DEVICE ADDRESS from SPFN. 
Assembler 
‘Format: SPINDA 
Example: MOV 6,6;SPINDA;DB=INBS 
Effect: SPIN until IODRDY=1, then (I/O DEVICE )> INBS; 


(DA) 
then (SPFN)>DA 


Description: First, a SPIN is executed until the I/O DATA READY 
FLAG(IODRDY) of the 1/0 DEVICE specified by the contents of the 1/0 
DEVICE ADDRESS REGISTER (DA) is equal to "1." 


When IODRDY(DA)=1, the data from the I/O DEVICE(DA) is input onto the 
INPUT/OUTPUT BUS (INBS). 


Then the right-most bits of the current S-PAD operation result (SPFN) 
are loaded into the I/O DEVICE ADDRESS REGISTER (DA); effective as of 
the next instruction cycle. 


If IODRDY (DA) never equals "1," an infinite SPIN loop will be 
incurred. 
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I/O SENSE FIELD (SENSE) 


= = SMES 


fi 


ae ae ete 


a MANDATORY FIELDS 


te OPTIONAL FIELDS 


q 
Yi, DISABLED FIELDS 


SS 


VALUE 
UAW, iA 
g SNSA SENSE "A": set IODRDY (DA) from "A 
Assembler 
Format: SNSA 
Effect: (A (yyy) * TODRDY (na) 


Description: CONDITION "A" of the I/O DEVICE specified by the DEVICE 
ADDRESS REGISTER (DA) will be "sensed" and the I/0 DATA READY FLAG 
(LODRDY[DA]) will be set to reflect the state of "A" (either "1" or 
"O"). These conditions are device dependent and may not necessarily be 
implemented for all I/O devices. Refer to the appropriate device 
manual for further information. Note that some devices (e.g., PIOP) 
use the SNSA instruction to perform control functions. 


83 SPINA SPIN UNTIL "A" NON-ZERO 
Assembler 
Format: SPINA 
; i = ODRDY =] 
Effect: (A (pay)? TODRDY (pay? Lif IODRDY (pq) @ SPIN UNTIL IOD (DA) 


Description: First, CONDITION "A" of I/O DEVICE(DA) is sensed and the 
I/O DATA READY FLAG (IODRDY) is set accordingly (to either "1" or "0"). 


If IODRDY(DA) equals "0," a SPIN condition will occur and will continue 
until condition "A" is equal to "1." 


NOTE: If "A" never equals "1," an infinite SPIN will occur. 


B- U5 


I/O SENSE FIELD (SENSE) 


TES 


Mh 


= MANDATORY FIELDS 


a OPTIONAL FIELDS 


Wf DISABLED FIELDS 


VALUE 


SENSE "A" SET to I/O READY FLAG; then set DEVICE 
ADDRESS from SPFN. 


Assembler 
Format: SNSADA 
Example: MOV 5,5;SNSADA 
Effect: ( )> IODRDY then (SPFN)>DA 


A pa) (Da)’ 


Description: First, CONDITION (A) for the I/O DEVICE specified by the 
I/O DEVICE ADDRESS REGISTER (DA) is sensed and its content (either "1" 
or "%") is set into the I/O DEVICE DATA READY FLAG (TODRDY (|, ))- 

Then, the right-most bits (bits 98-15) of the current S-PAD op- 
eration result (SPFN) are loaded into the I/O DEVICE ADDRESS REGISTER 


(DA); effective as of the next instruction cycle. 
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I/O SENSE FIELD (SENSE) 


14 #15 16 17 18 19 20 21 22 


VALUE 


|| MANDATORY FIELDS 


fee OPTIONAL FIELDS 


/ 
Yj DISABLED FIELDS 


SPNADA SPIN UNTIL "A" NON-ZERO; then SET DEVICE ADDRESS from SPFN 
Assembler 
Format: SPNADA 
Effect: (A pay)? TODRDY (nay? if TODRDY. (4) =# 


SPIN until IODRDY=1; then (SPFN)>DA 


Description: First, CONDITION "A" of I/O DEVICE is sensed and set into 


(DA) 
the I/O DATA READY FLAG (IODRDY (5, )) If IODRDY then equals "9", a SPIN 
condition will occur until LODRDY (5a) =1- At that time, the 8 right-most 


bits (bits @8-15) of the current S-PAD operation result (SPFN) are loaded 
into the I/O DEVICE ADDRESS REGISTER (DA); effective next instruction 
cycle. 


NOTE: An infinite "SPIN" will occur if "A" never equals "1". 


Bom 217 


I/O SENSE FIELD (SENSE) 


14 #15 16 17 18 19 20 21 22 


“a... YAY Wh 
Ey 


I} 


im MANDATORY FIELDS 


OPTIONAL FIELDS 


/ 
Pet UY), DISABLED FIELDS 


4 | sx | SENSE I/O DEVICE CONDITION "B", SET IODRDY (DA) from "B" 


Assembler 
Format: SNSB 
: > 
Effect: (B ipay? TODRDY (pn) 


Description: CONDITION "B" (B) of the I/O DEVICE specified by the DEVICE 
ADDRESS REGISTER (DA) will be "sensed" and the I/O DATA READY FLAG (IODRDY) 
for that I/O DEVICE will be set to reflect the contents of "B" (either "1" 


or "gt) 
SPIN UNTIL "B" is NON-ZERO 
5 SPINB 
Assembler 
Format: SPINB 
Effect: (B (pay) * TODRDY (a yrif TODRDY » 4.5 "8 SPIN 
until TODRDY nay =t- 


Description: First, CONDITION "B" of I/O DEVICE is sensed and the I/O 


(DA) 
DATA READY FLAG (IODRDY) is set accordingly, (to either "1" or "@"). 
rf TODRDY / pa) then equals "%", a SPIN condition will occur until "B" 


equals "1", at which time the IODRDY is set accordingly. 


(DA) 
NOTE: If "B" never equals "1", an infinite SPIN condition will occur. 
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I/O SENSE FIELD (SENSE) 


14 #15 16 17 18 19 20 21 22 


VALUE 


hed MANDATORY FIELDS 


OPTIONAL FIELDS . 


Uy DISABLED FIELDS 


SENSE "B" set to I/O DATA READY FLAG, then SET DEVICE 
ae ADDRESS from SPEN. 
Assembler 
Format: SNSBDA 
Effect: (B nay) * TODRDY (py) 7 then (SPFN)> DA 


Description: First, condition "B" of the I/O DEVICE specified by the I/O 
DEVICE ADDRESS REGISTER (pa) is sensed and cs content (either "1" or "g") 
set into the I/O DEVICE DATA READY FLAG (TODRDY (4): 

Then, the right-most bits (bits 98-15) of the current S-PAD operation 
result (SPFN) are loaded into the I/O DEVICE ADDRESS REGISTER (DA); effective 


next instruction cycle. 
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I/O SENSE FIELD (SENSE) 


14 #15 16 17 18 19 20 21 22 


MLE 
LEE 


= MANDATORY FIELDS 


OPTIONAL FIELDS 
/ 
WY, DISABLED FIELDS 


VALUE 
7 SPNBDA SPIN UNTIL "B" is NON-ZERO; SET DEVICE ADDRESS from SPFN 
Assembler 
Format: SPNBDA 
Effect: (B pay)? TODRDY (pay? BB of TODRDY (ya) =F. SPIN until 


IODRDY=1; then (SPFN)>DA 


Description: First, CONDITION "B" of I/O DEVICE is sensed and set 


(DA) 
into the I/O DATA READY FLAG (IODRDY (| 4,)) > If TODRDY (14) then equals 
"$9", a SPIN condition will occur until "B" equals "1", at which time the 
TODRDY (na) is set accordingly. 


Then the 8 right-most bits (bits $8-15) of the current S-PAD operation 
result (SPFN) are loaded into the I/O DEVICE ADDRESS REGISTER (DA); 
effective next instruction cycle. 


NOTE: If "B" never equals "1", an infinite SPIN condition will occur. 
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SET/CLEAR FLAG FIELD (FLAG) 


14 #15 16 77 18 19 soe 21 22 


OPTIONAL FIELDS 


DISABLED FIELDS 


VALUE 


The following instructions set one of four GENERAL FLAGS (0,1,2,3) 
to a "1". These flags may be tested and branched upon accordingly by 


software instructions (see STEST SPEC). 


Q SFLO Set GENERAL FLAG @ to "1" 
1 SFL1 Set GENERAL FLAG 1 to "1" 
2 SFL2 Set GENERAL FLAG 2 to "1" 
3 SFL3 Set GENERAL FLAG 3 to "1" 

Assembler 

Format: SFLn 

Effect: 1+ FLAG 


NOTE: Effective two instruction cycles later. At least 
one cycle must intervene between an SFLN and a 


Related Branch instruction. 
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SET/CLEAR FLAG FIELD (FLAG) 


14 #15 16 7 18 19 i 21 22 


ia MANDATORY FIELDS 


Pag ee OPTIONAL FIELDS 


re es Hf] oxsnouzn evens 


VALUE 


The following instructions clear to "0" one of the four GENERAL FLAGS 
(0,1,2,3) available for use in the AP. These flags may be tested and 
branched upon by software instructions (see STEST SPEC). 


4 CLEP Clear GENERAL FLAG % to "§" 
5 CLF1 Clear GENERAL FLAG 1 to "g" 
6 CLF2 Clear GENERAL FLAG 2 to "g" 
a CLF 3 Clear GENERAL FLAG 3 to "g" 

Assembler 

Format: CLFn 

Effect: $+ FLAG 


NOTE: Effective two instruction cycles later. 
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DATA PAD X (DPX) 


= MANDATORY FIELDS 


OPTIONAL FIELDS 


WA DISABLED FIELDS 


VALUE 
g No Operation 
1 DPX (idx) * < DB STORE DATA PAD BUS into DATA PAD X 


Assembler 
Format: DPX (idx) > DB 
Example: DPX(-3) <DB; DB=MD 
‘ BS)> P . 
Effect (DPBS) D X copay eas 


Description: The data currently enabled onto the DATA PAD BUS (DB) is 
written into DATA PAD X (DPX) at the location specified by the current 
contents of the DATA PAD ADDRESS REGISTER (DPA), plus the contents of 
the XWRITE FIELD (XW) minus 4 (the BIAS value). 


Normally, a DPBS enable instruction is used concurrently with this 


instruction. If so, the two instructions can be expressed in shorthand 


notation (e.g., the example above can be expressed as follows: 
DPX[-3]<MD). 


Note: All bits are written unless WRTEXP, WRTHMN , or WRILMN is set. 


t idx: An integer in a range from -4 to +3. 
XW = idx + 4 


Bi S423 


DATA PAD X (DPX) 


32 33 34 35 36 37 38/39 40 41 42 43 44 45 46 47 48 49 SO 
° e oe. ‘Se @e' "7 % @ © wn” Bey e . 
pPx |,°DPY .+)," DPBS > +]"-") XR» - |e *¥R at: 


e er ar. 


x MANDATORY FIELDS 


Ba OPTIONAL FIELDS 


i DISABLED FIELDS 
u 


VALUE 


2 DPX(idx) < FA > STORE FLOATING ADDER OUTPUT into DATA PAD X 


Assembler 
Format: DPX (idx) <FA 
Effect: (FA)> DPX 


(DPA) + idx -4 


Description: The current FLOATING ADDER result (FA) is written into 
DATA PAD xX (DPX) at the location specified by the current contents of 
the DATA PAD ADDRESS REGISTER (DPA), plus idx. 
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DATA PAD X (DPX) 


he MANDATORY FIELDS 


a OPTIONAL FIELDS 


VA DISABLED FIELDS 


er ww % ri 


VALUE 
3 DPX(idx) < FM STORE FLOATING MULTIPLIER OUTPUT into DATA PAD X 
Assembler 
Format: DPX (idx) < FM 
Effect: (FM) > DPX 


(DPA) + idx 


Description: The current FLOATING MULTIPLIER OUTPUT (FM) is written 
into DATA PAD X (DPX) at the location specified by the current contents 
of the DATA PAD ADDRESS REGISTER (DPA), plus idx. 
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DATA PAD Y (DPY) 


32 33 34 35 36 37 38139 

oe, ee . 5 ry veh ey 

‘+ DPX*| DPY f * DPBS ',- ‘ies 
ees ocje ee ® 


UN 


VALUE 


i DPY (idx)! < DB STORE DATA PAD BUS into DATA PAD Y 


Assembler 
Format: DPX(idx) < DB 

Example: DPY(+3)< DB; DB=MD 
Bffect: (DB)> DPY (DPA) + idx 


MANDATORY FIELDS 
OPTIONAL FIELDS 


DISABLED FIELDS 


Description: The data currently enabled onto the DATA PAD BUS (DB) is 
written into DATA PAD Y (DPY) at the location specified by the current 
contents of the DATA PAD ADDRESS REGISTER (DPA), plus the contents of 


the Y WRITE FIELD (YW)tt+ minus 4 (the BIAS value). 


Normally, a DPBS enable instruction is used concurrently with 


this 


instruction. If so, the two instructions can be expressed in shorthand 
notaton (e.g-, the example above can be expressed as_ follows: 


DPY[{+3]<MD). 


Note: All bits written unless WRTEXP, WRTHMN, or WRTLMN is set. 


+idx: An integer in a range from -4 to +3. 
YW = idxt4, 


++1I£ VALUE field is used during this instruction, the XW 


field is referenced instead. And if a DPX (idx) write 


instruction is used concurrently, the indices specified by 
the programmer must be equal. Errors in this regard are 


flagged by the assembler. 
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DATA PAD Y (DPY) 


32_33 34 35 36 37 38139 40 41 42 43 44 45 46 47 48 49 50 MANDATORY FIELDS 
e e e ae at oe ° e Pie eee ee Le e ete ee Jeers , 
++ DPX*| DPY } * DPBS +. “}72 -XR “+t -2f'y YR ote, Ae re yw 63 OPTIONAL FIELDS 


YW DISABLED FIELDS 


VALUE 


2 DPY(idx) < FA STORE FLOATING ADDER OUTPUT into DATA PAD Y 


Assembler 
Format: DPY (idx) < FA 
Effect: (FA)> DPY 


(DPA) + idx 


Description: The current FLOATING ADDER OUTPUT (FA) is written into 
DATA PAD Y at the location specified by the current contents of the 
DATA PAD ADDRESS REGISTER (DPA), plus idx. 
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DATA PAD Y (DPY) 


32 33 34 35 36 37 
‘ipex+| pp | "S DPE tet ies ° 


MANDATORY FIELDS 


OPTIONAL FIELDS 


YU, DISABLED FIELDS 


VALUE 


3 DPY (idx) < FM STORE FLOATING MULTIPLIER OUTPUT into DATA PAD Y 


Assembler 
Format: DPY (idx) < FM 
Effect: (FM)> DPY 


(DPA) + idx 


Description: The current contents of the FLOATING MULTIPLIER OUTPUT 
(FM) are written into DATA PAD Y (DPY) at the location specified by the 
current contents of the DATA PAD ADDRESS REGISTER (DPA), plus idx. 
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DATA PAD BUS (DPBS) 


2 3. 34 35 36_ 37 38/39 40 41 42 43 ve A546. 47 48 42. 30 MANDATORY FIELDS 
DPX + “ary ‘f DPBS : 


OPTIONAL FIELDS 


DISABLED FIELDS 


VALUE 


1) DB = ZERO ENABLE FLOATING POINT ZERO onto the DATA PAD BUS 


Assembler 
Format: DB = ZERO (see Data Pad summary) 
Effect: 0.0 + DPBS 


Description: FLOATING POINT ZERO (0.0) is enabled onto the DATA PAD 
BUS (DPBS) during the current instruction cycle. 


Note that this is the default condition for the DPBS field. Thus, if 
DPBS is not specified via a "DB = " mnemonic, and no other DATA PAD BUS 
enable field (e.g. RPSF, see SPEC) is utilized, then there will be a 


zero on the DATA PAD BUS. 
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VALUE 


DATA PAD BUS (DPBS) 


3 44 45 46 47 48 49 50 
oe serie ok ae eerie a Wr eae ee 


MANDATORY FIELDS 


OPTIONAL FIELDS 


DISABLED FIELDS 


DB = INBS ENABLE INBUS onto the DATA PAD BUS 
Assembler 
Format: _ DB = INBS (see Data Pad summary) 
Example: IN: DPX(-3) DB; DB=INBS 
Effect: (INBS)> DPBS 


Description: The contents of the 38-bit INPUT/OUTPUT BUS (INBS) are 
enabled onto the DATA PAD BUS (DPBS) for the current instruction cycle. 


This instruction is used to transfer data from INBS to DPBS during a 
current input operation (See example, above). 


It must be accompanied by an I/O group INPUT instruction (IN, SPININ, 
INDA or SPINDA). . 
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WALA rh DUD (Lrbs] 


39 40 41 42 43 44 45 46 47 48 49 SO 


32 33 34 35 36 37 38 
rea eas 
DPX | Tey 71 DPBS * ° 


MANDATORY FIELDS 


OPTIONAL FIELDS 


Wh, DISABLED FIELDS 


VALUE 


LL Se LATA 


2 DB = VALUE’. ‘ENABLE VALUE onto the: DATA PAD BUS 


Assembler 
Format: DB = val (where val is 16 bit value contained in - 
Value field). 
Example: DB = 25 
cae ae 
Effect: (VAIUE bits 54-63)> pps “PONENT 


(VALUE bit 48 (sign) +> ppp “NTISSAL i+. 00-12 .. 


Description: The 16-bit value contained in the VALUE field of the 
Lostruction word is evabled ento the DATA PAD BUS (DPBS) during the 
current inseruction avele, in the following manner: 


1) The rightmost 15 bits of the VALUE field are enabled onto 
“PBS (MANTISSA? bits 13+27. The left-most remaining bit (the 
sign bit} is excended and enabled onto DPBS (MANTISSA) bits 


Z) The right-moest 10 bits of the VALUE field are enabled onto the 
DFBS CEXFONENT) bits 02-11. 


: YW tield is disabled for the current instruction cycle. 


DATA PAD BUS (DPBS) 


MANDATORY FIELDS 


32 33 34 35 36 37 38|39 40 41 42 43 44 45 46 47 48 49°50 

cee oe ete at pst ae The oe wo ale ey ee Se a are ‘é eve ~~ sa tS 
+ DPX+| DPY ‘+ DPBS “yw 
s e Lo | 


OPTIONAL FIELDS 


DISABLED FIELDS 


VALUE 


3 DB = DPX (idx) * ENABLE DATA PAD X onto the DATA PAD BUS _ 


Assembler 

Format: DB = DPX(idx) | 

Effect: (DPX “> DPBS 
(DPA) + idx 


Description: The contents of the DATA PAD X (DPX) location specified 
by the current contents of the DATA PAD ADDRESS REGISTER (DPS), plus 
the contents of the X READ FIELD (XR) minus 4, are enabled onto the 
DATA PAD BUS (DPBS) for the current instruction cycle. 


T idx: An integer in a range from -4 to +3. 
XR = idx + 4 
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DATA PAD BUS (DPBS) 


32.33, 34 3536 37 38 | 39, 40 41 42 43 44 45 46 47 48 49 
“DPX ae | peas . : ie a | 0 XW one = 


MANDATORY FIELDS 
OPTIONAL FIELDS 


DISABLED FIELDS 


VALUE 


4 | DB = DPY(idx)' | ENABLE DATA PAD Y onto the DATA PAD BUS 
Assembler 
Format: DB = DPY (idx) 
Effect: (DPY )> DPBS 


(DPA) + idx 


Description: The contents cf the DATA PAD Y (DP¥) location specified 
by the current contents of the DATA PAD ADDRESS REGISTER (DPA), plus 
the contents of the Y READ FIELD (YR) minus 4, are enabled onto the 
DATA PAD BUS (DPBS) for the current instruction cycle. 


" idx: An integer in a range from -4 to +3. 
YR = idx + 4 
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DATA PAD BUS (DPBS) 


22 eto ie 2. as 37 38 


39 40 41 42 43 ae 45, 46_47 48 4950 Pel MANDATORY FIELDS 
ss 


i OPTIONAL FIELDS 
//\ DISABLED FIELDS 
fil { 


JALUE 
5 DB = MD ENABLE MAIN DATA MEMORY onto the DATA PAD BUS 
Assembler 
Format: _ DB=MD 
Effect: (MDREG)> DPBS 


Description: The contents of the MAIN DATA MEMORY (MD) location 
entered into the MEMORY OUTPUT REGISTER (MDREG) during this instruction 
cycle are enabled onto the DATA PAD BUS for the current instruction 


cycle. (See MEMORY GROUP SUMMARY for the set-up requirements for a 
MAIN DATA MEMORY (MD) READ operation.) 
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DATA PAD BUS (DPBS) 


MANDATORY FIELOS 


32 33 34 35 36 37 38|39 40 41 42 43 44 45 46 47 48 49 50 
we oes te ae fe ee or a i res re er eee ee ee ee 
- DPX * DPY ’ ; DPBS . 


‘ eye le oy 2 lo’ eyw ee’ « 63 OPTIONAL FIELDS 
peaaonerer oe eg tte ow og * le ls 8 ee 8 es a » * 
DISABLED FIELDS 
VALUE 
6 DB = SPFN ENABIE SPAD FUNCTION onto the DATA PAD BUS 
Assembler 
Format: DB = SPFN 
EXPONENT 
E : ; x 
ffect (SPFN, 545 7-15)” DPBS bits 93-11 
(SPFN, . ) INVERTED ‘> bees bit #2 
nacre MANTISSA, 
(SPFNL i+ gi-15)~ DPBS its 13-27 
SPFN,. ; MAN 
( bit ¢g (sign))> ppgs cence oe 00-12 


Description: The 10 right-most bits of the S-PAD FUNCTION (SPFN bits 
[6-15]) plus BIAS , are enabled onto the DATA PAD BUS (EXPONENT) (DPBS 
[EXP] bits 02-11). The 15 right-most bits of SPFN (bits 01-15) are 
concurrently enabled onto the DPBS (MANTISSA bits) 13-27 and the 
left-most remaining bit (SPFN [bit 0]) is extended and enabled onto the 
left-most remaining bits of the DPBS (MANTISSA) (bits 00-12). SPFN is 
enabled onto DPBS during the current instruction only. 


+ : ‘ ‘ 
BIAS: For this operation, a BIAS of 512(10) is added 
by inverting SPFN(bit )06. 


B35 


DATA PAD BUS (DPBS) 


2 33 34 35 36 37 38 


39 40 41 42 43. Af. 45,46 47 48 49 50 MANDATORY FIELDS 


DPBS 


[caesar] wen 


OPTIONAL FIELDS 


DISABLED. FIELDS 


DB = T™ ENABLE TABLE MEMORY onto the DATA PAD BUS 
Assembler 
Format: DB=TM 
Effect: (TMREG)> DPBS 


Description: The contents of the TABLE MEMORY (TM) location currently 
entered into the TABLE MEMORY REGISTER (TM REG) is enabled onto the 
DATA PAD BUS (DPBS) for the current instruction cycle. (See MEMORY 


GROUP SUMMARY-TM for the aetreP requirements for a TABLE MEMORY [TM] 
READ operation). 
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MEMORY INPUT GROUP (MI) 


bess MANDATORY FIELDS 
OPTIONAL FIELDS 


L/ 
Yi, DISABLED FIELDS + 


56157 58 59 60 61 62 63 


eo 


P| = - TMA 
Upiree MT, 


VALUE 
4) No Operation 
WRITE FLOATING ADDER RESULT to MAIN DATA 
1 MI< FA 


MEMORY; VIA MEMORY INPUT REGISTER 


Assembler 
Format: MI<FA 

Example: MOV 5,5; SETMA; MI<FA 
Effect: (FA)> MI +> MD 


(MA) 


Description: The FLOATING ADDER RESULT (FA) currently available is 
loaded into the MEMORY INPUT REGISTER (MI) and written into the MAIN 
DATA MEMORY (MD) location specified by the current contents of the 
MEMORY ADDRESS REGISTER (MA). - (See: MEMORY GROUP SUMMARY - MD for the 
necessary timing implications). 


NOTE: The contents of the MEMORY ADDRESS REGISTER (MA), which 
specifies the MD location to be written, are determined by the 
mandatory and simultaneous SETMA, INCMA, DECMA or LDMA instruction 
being processed. 
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MEMORY INPUT GROUP (MI) 


ed MANDATORY FIELDS 
eel OPTIONAL FIELDS 


YY, DISABLED FIELDS t 


56157 58 59 60 61 62 63 
Te 


ELL 


eee WRITE FLOATING MULTIPLY RESULT to MAIN 
DATA MEMORY; VIA MEMORY INPUT REGISTER 


Assembler 
Format: MI< FM 

| Example: INCMA; MI<FM 
Effect: (FM) > MI~> MD 


(MA) 


Description: The FLOATING MULTIPLIER RESULT (FM) currently available 
is loaded into the MEMORY INPUT REGISTER (MI) and written into MAIN 
DATA MEMORY (MD) at the location specified by the current contents of 
the MEMORY ADDRESS REGISTER (MA). 
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MEMORY INPUT GROUP (MT) 


eS MANDATORY FIELDS 
cee OPTIONAL FIELDS 


i/ 
WY), DISABLED FIELDS + 


56157 58 59 60 61 62 63 
2 TMA, « 


orton 
ie A 


VALUE 
WRITE DATA PAD BUS to MAIN DATA MEMORY; 
3 Mi< DB VIA MEMORY INPUT REGISTER 
Assembler 
Format: MI <DB 
Example: DECMA; MI<DB; DB=ZERO 
or: DECMA; MI< ZERO 


Effect: (DPBS) > MI ~ MD wa) 


Description: The current data enabled onto the DATA PAD BUS(DB) is 


loaded into the MEMORY INPUT REGISTER(MI) and written into MAIN DATA 
MEMORY (MD) at the location specified by the current contents of the 
MEMORY ADDRESS REGISTER (MA). 


This instruction should be used in conjunction with a DPBS ENABLE 
instruction unless a zero is desired. 
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TALUE 


MEMORY ADDRESS GROUP (MA) 


= at 58 {59 60 61 62 63 a MANDATORY FIELDS 


OPTIONAL FIELDS 


| , ee a 
Wh MUM WWW WW YL Yi, DISABLED FIELDS t+ 


No Operation 
INCMA INCREMENT MEMORY ADDRESS REGISTER; 
INITIATE MAIN DATA MEMORY 
Assembler 
Format: INCMA 
Example: INCMA; MI<FA 
Effect: (MA) + 1>+MA; initiate MD cycle 


Description: The contents of the MEMORY ADDRESS REGISTER (MA) are 
incremented by "1" and a MAIN DATA MEMORY (MD) cycle is initiated. 


If used concurrently with an MI group instruction, an MD WRITE is 
initiated using the incremented value of MA as the MD location 
specifier. 


If used without a concurrent MI group instruction, then an MD READ is 
initiated using the incremented value of MA as the MD location 


specifier. 


(See MEMORY GROUP SUMMARY - MD, for the necessary memory timing 
implications involved in the use of this field.) 


E - 140 


VALUE 


MEMORY ADDRESS GROUP (MA) 


56 57 58;59 60 61 62 63 


a MANDATORY FIELDS 


OPTIONAL FIELDS 


YW, DISABLED FIELDS + 


A 


WUT 


DECREMENT MEMORY ADDRESS REGISTER; 


DECIA INITIATE MAIN DATA MEMORY 
Assembler 
Format: DECMA 
Example: DECMA;MI<FM 
Effect: (MA)-1>MA; initiate MD cycle 


Description: The contents of MEMORY ADDRESS REGISTER (MA ) are 
decremented by "1" and a MAIN DATA MEMORY (MD) cycle is initiated. 


If used with an MI group instruction, an MD WRITE is initiated using 
the decremented contents of MA as the MD location specifier. 


If used without a concurrent MI group instruction, then an MD READ is 
initiated using the decremented contents of MA as the MD location 
specifier. 


ean oe 


a 
| aml 


7ALUE 


MEMORY ADDRESS GROUP (MA) 


56 57 58159 60 61 62 63 al MANDATORY FIELDS 


ee OPTIONAL FIELDS 


YU, DISABLED FIELDS + 


A 


SET MEMORY ADDRESS REGISTER FROM THE S-PAD 
FUNCTION: INITIATE MAIN DATA MEMORY 

Assembler 

Format: SETMA 
Example: MOVE 0,0; SETMA; MI<TM 

Effect: (SPFN)*>MA; or, if LDREG field is being used, then 


(DPBS)>MA, instead. 


Description: The contents of the MEMORY ADDRESS REGISTER (MA) are 
replaced by the S-PAD OUTPUT (SPFN) of the current S-PAD operation. 


However, if an LDREG field instruction (see I/0) is used during the 
same instruction, then the contents currently enabled onto the DATA PAD 
BUS (DPBS), and not SPFN, are loaded into the MEMORY ADDRESS REGISTER 
(MA). | | 


If used with an MI group instruction, an MD WRITE will be initiated. 
If used without an MI group instruction, then an MD READ will be 
initiated. In either case, the newly-formed value of MA will be used 
as the MD location specifier. 
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DATA PAD ADDRESS GROUP (DPA) 


56 57 58 59 60;61 62 63 a MANDATORY FIELDS 


a es ee a 
st LLL LL LLL LLL 


fo] OPTIONAL FIELDS 


Ye DISABLED FIELDS 
4 


No Operation 
INCDP. INCREMENT DATA PAD ADDRESS 
Assembler: 
Format: INCDPA 
Effect: (DPA) +1> DPA 


Description: The contents of the DATA PAD ADDRESS REGISTER (DPA) 
decremented by "1." 


DPA will not be affected during the current instruction cycle but will 
be available as of the next instruction cycle. 


(See DATA PAD GROUP SUMMARY - DPA, ) 


E - 143 


DATA PAD ADDRESS GROUP (DPA) 


56 57 58 59 60/]61 62 63 


Bae Eee ic En 
HLL 


|| MANDATORY FIELDS 


| OPTIONAL FIELDS 


Wy, DISABLED FIELDS 


7ALUE 
2 DECDPA DECREMENT DATA PAD ADDRESS REGISTER 
Assembler 
Format: DECDPA 
Effect: (DPA) -1> DPA 
Description: The contents of the DATA PAD ADDRESS REGISTER (DPA) are 
incremented by "1." 


DPA will not be affected during the current instruction cycle but will 
be available as of the next instruction cycle. 


(See DATA PAD GROUP SUMMARY - DPA.) 
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DATA PAD ADDRESS GROUP (DPA) 


ee MANDATORY FIELDS 
| OPTIONAL FIELDS 


UY DISABLED FIELDS 
f 


56 57 58 59 60;61 62 63 


Facer ws Baie teen 
= LLL 


VALUE 


3 SETDPA SET DATA PAD ADDRESS REGISTER from SPFN 


Assembler 
Format: SETDPA 
Effect: (SPFN)>DPA; or, if LDREG instruction is being used, then 


(DPBS)>DPA, instead. 


Description: The current S-PAD (SPFN) is loaded into the DATA PAD 
ADDRESS REGISTER (DPA). However, if an LDREG field instruction (see 
1/0) is used during the same instruction cycle, the data enabled onto 


the DATA PAD BUS (DPBS) during this cycle, and not SPFN, will be loaded 
into the DPA. 


DPA will not be affected during the current instruction cycle but will 
be availaple as of the next instruction cycle. 


(See DATA PAD GROUP SUMMARY - DPA.) 


E- 145. 


TABLE MEMORY ADDRESS GROUP (TMA) 


| at 
Le LL 


56 57 58 59 60 61 62)63 = MANDATORY FIELDS 


fe OPTIONAL FIELDS 


j 
WY, DISABLED FIELDS 


TL 


No Operation 
Ey INCREMENT TABLE MEMORY ADDRESS REGISTER 
Assembler 
Format: INCTMA 
Effect: (TMA) +1> TMA 


Description: The contents of the TABLE MEMORY ADDRESS REGISTER (TMA) 
are incremented by one. ; . 


The contents of TM (TMA) are available in TMREG two cycles after 
execution of this instruction. The modified contents of TMA are 
available on the next instruction cycle. 
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TABLE MEMORY ADDRESS GROUP (TMA) 


56 57 58 59 60 61 621/63 fs MANDATORY FIELDS 


ier: | | pen 
LLL 


OPTIONAL FIELDS 


Yi} DISABLED FIELDS 


WARES 


VALUE 
2 | DECIMA DECREMENT TABLE MEMORY ADDRESS REGISTER 
Assembler 
Format: DECTMA (See, MEMORY GROUP SUMMARY - TMA) 


Effect: (TMA) -1> TMA 
Description: The contents of the TABLE MEMORY ADDRESS REGISTER (TMA) 
are decremented by one. 


The contents of TM (TMA) are available in TMREG 


two cycles after 
execution of this instruction. 
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VALUE 


SRE 


TABLE MEMORY ADDRESS GROUP (TMA) 


56 57 58 59 60 61 62/63 ee MANDATORY FIELDS 


OPTIONAL FIELDS 


DISABLED FIELDS 


SET TABLE MEMORY ADDRESS REGISTER from 
S-PAD FUNCTION 


Assembler 
Forinat: ‘SETTMA 
Effect: (SPFN)*+ TMA; or, if LDREG field is being used, then 


(DPBS)>+TMA, instead. 


Description: The contents of the result of the current S-PAD operation 
(SPFN) are loaded into the TABLE MEMORY ADDRESS REGISTER (TMA). 
However, if an LDREG field instruction is used concurrently (see 1/0), 


then the data enabled onto the DATA PAD BUS (DPBS), and not SPFN, is 
loaded into TMA. 


The contents of TMA are available as TM two cycles after execution of 
this instruction. 
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bocce ccevecvcece k=l} 
Alecce ccccccceeE=93 
A2eccsccecsec ce ck=95 
ADD oe coccceoeceEnl7 
AND coc cvccccveeE=20 
Becvccccccccesebnl3 
BDBNecccccccee eh@35 
BDBZe eeccvceveeE@36 
BEQe cc cece cece eE=/7 
BFEQ¢. ce cccccevckE~=/3 
BFGEe ccc cccees oE=75 
BFGT coe cccccceseE~/6 
BF LO. coccee cee eE=38 
BFLlewescccceesEH38 
BFL2ecvccccceeeE=38 
BFL3¢ wcc cece cee kh=38 
BELT sc ocscssceeeE=3]l 
BFNEs coscccccesk=4 
BFPEewccsccceeck=J] 
BGR ec ccccecve ve EW/9 
BGT eo coc ccccc ces E80 
BIFNe ccocccccessE=3/ 
BIFZe cece ccev es E37 
BINTR Geiss sa 0cshe70 
BIONe cece cess e E70 
BIOZ sees seedse se b=7] 
BLT oe ccc cece eee E@32 
' BNCs ccccvvccceesk=33 
BNE secccccccsecEn78 
BReeesevcccce ss E69 
DLC 6s 6eeeas eee bod 
CFLOs coeccceee sE=122 
CFL ees cesnees Bol 22 
CFL2ecccccce eee E122 
CFL3c cc cccce cee k~1l22 
CLR ee oe secccc ee bn25 | 
COMeccccccccevek26 
COND. ce cccscecceE=68 
CONTROL. oe eee E=8 


INDEX 


DBecccccvcccevek=123, E-129, E=-139 


DBELIT ec cevccevck=39 
DBHLIT «ccecceee E=40 
DBLLIT ocecce eee E40 
DECwcwccceccceek=26 
DECDPAc cowcceecE@1l44 
DECMA co cevccveekml4l 
DECTMA cece ceee ec E=147 


DISPecovccecveseE=3l, E-69 


DPAccocsccvcscek=143 
DPBSecccecsceseE=129 


EDPXeccccccces oE@96 


: EQOV ¢0sse6eee sen R22 


F2CSM cece ce ces cE~90 
FAs coccccccceeeE=95, 


E-100, E-124 


E-127, E-137 


FABS coccccccceckE~92 
FADD. cccccccceckE=8l 
FADD Le cwcccvceecE=8l 
FAND ccc cccccc ce E84 
FEQVeccccccce ce E83 
FlXecccccccec es sE-86 
FIXT oc acccccevek=87 
FLAG. ccccccccseEl2l 
FM oc cc cccceces oE-93, 


E-99, E=-125 


E-128, E=-138 


FMUL ec ccc cc vcvee E98 
FOR cecccsccveek=85 
FSCALE cece cceceE—91 
FSCLT ccc ccccvee E88 
FSM2C eccccvccee E89 
FSUBs oc cccccee ec EMSl 
FSUBRe ecsccce ee E81 
HALT ce ceccecceesh=S 
HOSTPNL« evceeec b= 39 
IN oe cceccccceveekEmll2 
INBS oc cesccce ee E~130 
INCeccccsevccee bz) 
INCDPAc coevcce eb-143 
INCMAc ec cevceee E140 
INCTMAs cccsceeeE146 
INDAs oe eecccc ee eE-113 
INOUT ce ee v cee ce E109 
INTAs coccceececsE=l0 
INTEN ce ccccccces kd 
TO csececcccevecE=/, 
ITORST ecccccceccE~9 
IMP oc cncccvccceck—47 
JIMPAs cccscccecek G5 
IMPPecocvcvccce ohm49 
JIMPT ov ccccccee e E48 
JSReecovcccvves E47 
JSRAccccccccce oEW46 
JSRP oe cecsccces eE=90 
JSRT oe ecce voces E48 
Leccccccccccsesekml4 
LDAPS «cc cccccee bu 1l03 
LDDAc covccvcccebl0G 
LDDPAccoovceee eE~102 
LDMAc coc ccveeevE=1Ol 
LDREG ees wcccceeE=101 


E-101 


DPXeccccececeeek=93, E-95, E-99 
E-100, E-123, E-132 
DPY oc cccccceceekE 93, E-95, E=99 
E-100, E~126, E~133 


LDSP. cocccceeeeE“103 
LDSPD eecvccccee sE“l0] 
LDSPEccacccccecE@28 
LDSPI . ceccccce E29 


E- 149 


LDSPNL.. e000 0 -E=27 
LDS PT «oe ve eee ee E30 
LDTMAc « even cee ce E-102 
LPSLe cece oe 000 eE-64 
LPSLAc « see e eee 0E“62 
LPSLPe oe ccces ce E65 
LPSLT cc cc ccc ee e E64 
LPSReecccccc eee E04 
LPSRA cece csccsceE~63 
LPSRP«ecces cee e E65 
LPSRT ce occ cccee ce E“65 
MleccccccccveecE=99 
M2ecccenccccceesE=“100 
MAcecccvcccceeeskE~140 
MDovcccccccceeeE@96, 
MDP Xow ccccccee cE-96 
Ml eecccccccccveek=137 
MOVec coccccveecE“19 
NCswewecivs cise. BoO5 
NOPecccccccvvceek=35 
ORececccccccceck=2] 
OUT ec ccccvcccceveek=109 
OUTDAs ecccccceeeE=110 
PNLLIT « oe oe cee eE=39 
PSeccccccevceesk=58 
PSEVENe eo ccccecE=52 
PSODD ec ccccecesk=55 
Reecccccccsceeeb=l5 
RAPS. ecccccceeeE=108 
RDAs coccccecesck=108 
RDPA«s ecccccveeeLE@=107 
RDREGe cc ccvccveeeE=@lO5 
REFReeccccccceek=10 
RETURNe ccccvccecE=72 
REXIT ce ccccvcecsk=/ 
RMA scccccecceesE“1l06 
RPSOs ccavcccseekE@652 
RPSOAc evccccceeE=52 
RPSOT sccdcesseeEb@52 
RPS le cccccccceeE@55 
RPS lAccccccccesE=55 
RPS lTecccccevcecE=56 
RPS 2ié cboceseee Buse 
RPS 2Ac ecccccceeE=52 
RPS 2TeeevcccceceE=53 
RPS3.cccscccceek@55 
RPS3Ac 0 cece cee E55 
RPS 3T cece cc cccvcE@56 
RPSAc cocccceveekE=105 
RPSF eeveseccccek 60 
RPSFAccccsceceeE@59 
RPSFPecccccvceckE=6l 
RPSFT eo ccececes ce EW61 
RPSLeccvce cece ce E“60 
RPSLA«c eccceeeesE=58 
RPSLPecccccceecsE“6l 
RPSLT «ec cece ee sEW60 
RReecsccccvvve sEl6 
RSPD ecccevcccevEl05 
RSPFNeoccccccvceeE=107 
RTMA. ccccccccvesk@l06 
SENSE cs cccccceeeE=ll5 
SETDPAcccccceeeE@145 
SETEXe wccccvee ce E“66 


E-100, E=-134 


E - 150 


SETEXA. oc evce eo E66 
SETEXIT «000000 0E~66 
SETEXP « ee ecc cee E“67 
SETEXT © oecccceeE“67 
SETMAccocccccesE=l42 
SETS PAs eevee ec E45 
SETTMAc oc cecce eE“148 
SFLO. cece cceeecE=121 
SFLlececceccceeE“12] 
SFLJcsccccccceek=l1?2] 
SFL3cccccccccecE-l12] 
SHecccvcccceceskE=l4 
SNSAc coccvcceteE=115 
SNSADA. ee vcececEW116 
SNSBecocccccvceE=118 
SNSBDAs« oe eeceee E119 
SOP ccccccccccevcE6 
SOPlecccccccce sEm23 
SPD ccccccscccecE@17 
SPEC ecccccceceek=6 
SPFNecccccceveeE@135 
SPINAcccccceceeE=115 
SPINBecccccccesE=118 
SPINDAcccccveceeE=114 
SPININececcccccE=112 
SPMDAc covcccvccE=6 
SPMDAVe cccceccck=7 
SPNADA+ceecscesE“117 
SPNBDAc eovcveecE=120 
SPNOUT. eccceceeE=109 
SPOTDAc ccccccesE=l] 
SPScccccccseceek=l7 
STEST occccccceskE™3] 
SUBS 6040 ess0%0eE=19 
SWDBececescesscek=4Gl 
SWDBE.ccc ccc ce cE=G2 
SWDBH oe ccccc cee eEW43 
SWDBL. cccccc ccc EGG 


TMe ec cccccecceeE=94, E-99, E-136 


TMAc covccccccsck@=146 


VALUEs eeeeceeeeE=121, E-131 


WPS Once ccccecsek—5Sh 
WPSOAc ceccceeecE=53 
WPS OT sss «ewe oe k=SG 
WPS le cccccccccceEW57 
WPS lAc coe cev eee E=56 
WPS 1T.cccccceeek@57 
WPS 2eccccccceecE=54 
WPS 2Ac cocnecce ck@53 


WPS 2TccccccseesE=54 


WPS3.ccccccccccE@57 
WPS 3A c wee cc ce eo E“56 
WPS3T ecccccccecE@57 
WRIEXe ecvccccececkE=lLl 
WRIEXP ee cece cee E=23 
WRTHMN ec ccccceeE=24 
WRILMNe co cccces E24 
WRIMAN ec ccccceceE=l1l 
XReeccsccesceveckEwl32 
XWecccccccccsecsk=123 
YReecccvescece cE=133 
YWecccccccceseckE@126 


ZERO + co ccevc ee cE=94, E-96, E~-129 


Ves se Shic cs ode ce E=68 


Notice to the Reader 


e Help us improve the quality and usefulness 
of this manual. 


e Your comments and answers to the following 
READERS COMMENT form would be appreciated. 


To mail: fold the form in three parts so 
that Floating Point Systems’ 
mailing address is visible; seal. 


Thank you 


READERS COMMENT FORM 
Document Title 


Your comments and answers will help Did you find this material .. , 


us improve the quality and usefulness 
of our publications. If your answers 


require qualification or additional YES NO 
explanation, please comment in the 
space provided below. @ USEFUL? ( ) ( ) 
e COMPLETE? ( ) ( ) 
e ACCURATE? ( ) ( ) 
How did you use this manual? @ WELL ORGANIZED? () () 
1 : f 
() AS AN INTRODUCTION TO THE SUBJECT @. NEEL CELUSTRATED? Se, 
() AS AN AID FOR ADVANCED TRAINING o: HEE ANDENED? ‘ete 
() TO LEARN OF OPERATING PROCEDURES hanes () 0) 
( ) AS A STUDENT IN A CLASS Please indicate below whether your 
() AS A REFERENCE MANUAL. are pertains to an addition, 
eletion, change or error; and, where 
( ) OTHER applicable, please refer to specific 


page numbers. 


Page Description of error or deficiency 


From: 
Nome Title 
oe & Gl | ne eee ene ee ee eee Department 
AGGPCSS > sansa City, State 


MO LEDNONG esses oa Date 
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Portiand, 


Oregon 
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